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vi Preface.

(in the text) to the various figures the letters
have not been again employed—the initials of
the names indicating the lettering on the plates.
Many of the figures have been taken, by the
kind permission of Dr Symington, from the
beautiful preparations in the Anatomical Rooms,
at Minto House; others are from the sources
indicated below, (List of Plates, page vii.). To
Dr Symington also I am indebted for many
valuable suggestions and much help; and to
my friend and fellow demonstrator, Mr Kent,
and to the several students, who at great incon-
venience to themselves, have more than once
read over the manuscripts and proofs, I cannot
sufficiently express my gratitude. Any merit or
success which the book may have is in a great
measure due to them. Finally it only remains
for me to thank Mr J. T. Murray for the time and
trouble he has taken in the reproduction of the
plates, and the publishers, Messrs Livingstone,
for their uniform courtesy and excellent execu-
tion of the work.

32 CASTLE TERRACE, EDINBURGH,
March r887.
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THE' SPINAL "CORD

AND 1TS
MEMBRANES.

DISSECTION.—To see the spinal cord and its membranes it
will be necessary to open the vertebral canal. To do this, remove
all the muscles from the vertebral grooves, and then saw through
the laminz on each side close to the spinous processes, being
careful, especially in the dorsal region, to direct the edge of the
saw inwards. Carry the incision downwards as far as the lower
end of the sacral canal, and upwards as high in the neck as is
convenient. Break through any partially sawn arches with the
chisel, cut through the ligaments, and remove the pieces of bones
thus detached. After having cleared away the connective tissue,
veins, and fat covering its outer aspect, the tube of dura mater
will be exposed. One or more of the processes passing through
the intervertebral foramina should be followed by snipping
through the articular processes with the bone forceps. After
examining its outer surface, slit open the dural sheath by a longi-
tudinal incision in its entire length.

Section I.

MEMBRANES oF THE SPINAL CORD.
(See Plates 1, 2.)

These are identical in many respects with those of
the Brain, and are therefore similarly named. They
are the Dura Mater, the Pia Mater, and the Arachnoid.
The Dura Mater is the most external, the Pia Mater
is in close contact with the cord, and the Arachnoid
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4 Membranes of the Spinal Cord.

ment (fig. 5, f.t.). Attached to the apex of the conus
medullaris this terminal filament runs down amongst
the nerve roots to the lower end of the dural cavity,
and there, piercing the dural sheath, receives an invest-
ment from it, and passes, to be attached along with
this investment, to the back of the sacrum or coccyx
(fig. 5, f.t.). Thus, then, we see that the dura mater
forms a very loose covering to the cord, and we find,
moreover, that it has a greater capacity in the neck
and back than it has in the loins. Smooth and
glistening on its Inner aspect, it presents a series of
rounded openings, arranged in pairs, one for each
spinal nerve root. These roots, as they pass out to the
intervertebral foramina, carry with them a prolongation
of the dura mater (figs. 2, 3, 4, d.).

It is important to recollect that, although the cord
itself ends at the spot indicated, the dura mater, the
arachnoid, and the cerebrospinal fluid extend as far
as the second piece of sacrum, so that injuries inflicted
upon the spine as low down as this latter point may
cause death by inducing inflammation of the meninges.

MINUTE STRUCTURE OF THE DuUrRa MATER.—
Under the microscope the dura mater will be seen
to consist of white fibrous and elastic tissues,/arranged
in longitudinal bands or lamelle, with flattened,
branched, connective tissue corpuscles, clasping the
bundles of fibrils. Both its inner and outer surfaces
are smooth and covered by endothelial plates. Many
lymphatics and blood-vessels, as well as slender nerve
filaments, derived from both spinal and sympathetic
systems, are furnished to its substance.










The Pia Mater. 5
I.—THE PIA MATER.

(Figs 1,2, 3 4 P)

DISSECTION.—After slitting open the dura mater, the ﬁm
membrane you will see is the delicate arachnoid. Fierce 1t
with a sharp-pointed blow pipe and inflate, as far as you can, the
subarachnoid space. Next, to expose the pia mater, remove a
small piece of the arachnoid from any part of the cord, leaving
it intact elsewhere.

For convenience we shall describe first the Pia Mater,
then the Arachnoid.

The Pia Mater is a delicate, highly vascular, fibrous
membrane, which so closely surrounds the cord that it
cannot easily be stripped off. A process or fold (fig.
3, f.) passes from it into the anterior median fissure of
the cord, and it also furnishes sheaths to the roots of
the spinal nerves (figs. 2, 3, 4, p-). 1f you compare it
with the pia mater of the brain, you will find that it is
thicker, less vascular, and more adherent to the sub-
jacent nervous tissue. Some anatomists describe two
layers in the pia mater of the cord, an inner and
an outer layer, differing in the arrangement of their
{ constituent elements. Of these the former only is
represented in the pia mater of the brain.

The outer surface of the pia mater is compara-
tively rough, and presents along its anterior aspect a
thickened fibrous band, the so-called “linea splendens ”
(fig. 1, L.s.). This is sometimes difficult to make out.
Another well-defined structure, the lgamentum dentic-
wlatum (fig. 1 and 6, lig. dent.), also runs longitudinally
on each side of the cord in the form of a toothed, white
band, having its serrated edge turned outwards. This
ligament helps to support the spinal marrow within its
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dural sheath. Internally it is attached to the pia
mater, about midway between the lines of origin of the
anterior and posterior nerve roots, reaching upwards
as high as the medulla oblongata, and ending below
on the pointed extremity of the cord (conus medul-
laris).  Externally, its outer margin forms a series of
tooth-like processes (fig. 1 and 6, lig. dent.), about
twenty-one in number, which are fixed to the inner
surface of the dura mater ; the highest of these denticu-
lations is attached opposite the margin of the foramen
magnum, and the lowest opposite the twelfth dorsal or
first lumbar vertebra. The ligamentum denticulatum
thus partially divides the subarachnoid space into an
anterior and a posterior compartment (fig. 3, lig. dent.).
Further, at the back of the cord is another process or
partition—the “septum posticum” (figs. 2. 3, s.p.)—
which also crosses the subarachnoid space and serves
to connect the pia mater with the arachnoid.

Below the end of the cord the pia mater, though
still retaining its tubular form, becomes suddenly re-
duced in size, and 1s prolonged as a mere fibrous thread,
—the flum terminale or central ligament (fig. s, f.t.).
In its upper half this filum terminale encloses the
continuation of the central canal of the spinal cord,
surrounded above by a little grey matter ; but, opposite
the first or second sacral vertebra (fig. 5, f.t.), it pierces
the dura mater, and, receiving an investment from 1t,
ends below by blending with the periosteum of the
sacrum or coccyx (fig. 5, f.t.). Its silvery hue enables
us to distinguish it among the surrounding bundle of
nerve roots (cauda equina).
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Lying between the pia mater and the arachnoid,
and connected with both, is a quantity of delicate
connective tissue in the form of a spongy network,
the subarachnoid trabecule (figs. 2. 3, s.t.), the inter-
stices of which are lined by endothelial plates. It is
in the lacunz or areole, thus formed, that the greater
part of the cerebrospinal fluid is contained.

MINUTE STRUCTURE OF THE Pia MATER. —
The basis of the pia mater is simply white fibrous
connective tissue, arranged in interlacing bundles.
As before mentioned, two layers have been described
in the pia mater of the cord, but the difference in
their structure is very slight. Both its surfaces are
covered by endothelial cells. It possesses a complete
network of lymphu.tlu and blood-vessels; and its
nervous supply is derived from the sympathetic

system.

III.-THE ARACHNOID.

The Arachnoid* is an extremely fine and delicate
membrane. It is non-vascular, and thus differs
materially from the other two. Its arrangement is by
no means easy to understand, the difficulty being
increased by the fact that different descriptions of it
are given in the various text-books.

Forming a cylindrical partition between the dura
mater and the pia mater, the arachnoid divides the

sualy gl ﬁ“‘*‘“‘“m“““'m"“‘““mm'*“
taught, but no one seems Lo precise
T‘uku.mnplptrpuhlﬂlidnthlﬁ'dﬂ-ri

{jME'I ), maintains, with much show ﬂmhnmm

membrane does not and that what is wsually regarded
Biitly St of the Inyers of the s seion. - by s
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space between them into two— the Subdural and
Subarachnoid, previously referred to. The Subdural
space 1s very narrow, for the outer surface of the
Arachnoid is in more or less close contact with

s the dura mater. The Subarachnoid space is much

larger ; is crossed by the subarachnoid trabecula ; and
contains the chief part of the cerebrospinal fluid.
Moreover, the Arachnoid forms tubular prolongations
around the processes of the ligamentum denticulatum
(fig. 3, lig. dent.), and similar coverings are furnished
to the roots of the spinal nerves. These sheaths
enclose the nerves as they pass outwards to the dura
mater, but, when the nerve roots pierce that membrane,
the epithelium of the outer surface of the arachnoid
becomes continuous with the epithelium lining the
inner surface of the dura mater (fig. 2 and g4, ep.),
whilst the rest of the arachnoidal sheath blends with
the perineurium of the nerves (fig. 2 and 4, a.). Thus
we see that each spinal nerve receives a covering
from all three membranes of the cord (figs. 2, 3, 4, n.).
It is stated, too, that the Subdural and Subarachnoid
spaces, though they do not directly communicate with
one another, are still both continuous with the lym-
phatic plexus which surrounds the spinal nerves, It
may perhaps be well to mention that the Subdural
space was formerly spoken of as “the cavity of the
arachnoid”—the arachnoid membrane itself being then
looked upon as a serous membrane, enclosing a serous
cavity, and the epithelial lining of the dura mater as

one of its layers. L
MINUTE STRUCTURE OF THE ARACHNOID.— The
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Arachnoid consists of bundles of white fibrous tissue,
interlacing with one another and arranged for the most
part longitudinally. Both its surfaces are oovered by
endothelial cells. The sources from which it dernves
~ its nerves are still very doubtful ; most probably they
are of sympathetic origin.

THE CEREBROSPINAL FLUID.

The CeresrospiNal Frump, about 2 fl. oz m
quantity, is a clear-looking, alkaline, albuminous liquid,
which occupies the interstices of the subarachnoid
trabecul. By its means, probably, an equality of
pressure is maintained upon the brain and cord, hence
we find that any sudden disturbance of the fluid, such
as would be caused by pressure on a spina bifida, at
once gives rise to serious cercbral symptoms—e.g., loss
of consciousness.

Section II.
THE SPINAL CORD.

The Spinal Cord is the eclongated cylindncal
mass of nervous substance contained in the vertebral

canal. Invested by three meninges, it gives origin
to thirty-one pairs of spinal nerves ; is partially divided
by anterior and posterior median fissures into two
lateral segments; and is composed of two kinds of
nervous substance—an outer cortical part, consisting
principally of white or medullated nerve fibres, and
an inner grey core or pith, consisting chiefly of nerve
cells and nerve cell processes. You have already
seen that the spinal marrow is much smaller than the
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capacity of its bony case, so much so, that, in the adult,
it occupies only about two-thirds of the length of the
spinal canal. About eighteen inches long, the spinal
cord reaches from the foramen magnum to the lower
border of the first or second lumbar vertebra. Above,
1t 1s continuous with the medulla oblongata; below,
it ends in a pointed extremity, the conus medullaris,
from the apex of which the filum terminale 1s prolonged
downwards. According to the regions of the spine in
which they are situated, different portions of the cord
have received special names; thus we speak of the
cervical, dorsal, and lumbar portions. The spinal cord
moreover presents two swellings or enlargements—an
upper one, the cervical enlargement, extending from
the third cervical to the first dorsal vertebra, and a
lower or lumbar enlargement, which, beginning at
the tenth dorsal vertebra, is largest opposite the
twelfth, and then gradually tapers away to the pointed
extremity of the cord. The connection between the
increase of nervous substance in these two parts of
the cord and the origin of the large nerves given off
to the upper and lower limbs respectively is suffi-
ciently obvious.

1. Fissures of the Cord.—On both anterior
and posterior aspects of the spinal cord there is seen
a median longitudinal cleft or depression, which pene-
trates some distance into the nervous substance, and
partially divides it into two lateral halves. These
clefts are called the Anterior and the Posterior Median,
Fissures. The ANTERIOR MEDIAN FISSURE is the wider
of the two, though in depth it extends through only
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Fissures. Il

one-third of the thickness of the cord. It contains a
distinct fold of the pia mater, which conveys blood-
vessels into the interior of the spinal marrow (fig. 3, £,
and fig. 19). At the bottom of this fissure lies a
transverse band of nerve fibres, the anferior or white
part of the commissure (fig. 8, a.c.), which connects the
two lateral halves of the cord. The POSTERIOR MEDIAN
FISSURE is rather a septum than an actual fissure, for it
does not contain a fold of the pia mater, but is filled
up by connective tissue (neuroglia) and blood-vessels.
The posterior or grey part of the commissure lies at the
bottom of this septum (fig. 8, p.c.).

In addition to these median fissures, we have yet
to describe, on each side, two lateral longitudinal
depressions, the positions of which are indicated by
the lines of origin of the anterior and posterior nerve
roots. They are called the ANTERO-LATERAL and
POSTERO-LATERAL grooves, and they mark off the sur-
face of each half of the cord into three columns,—

an anterior; a lateral, and a posterior. The anferior
. @lumn lies between the anterior median fissure and
the anterior nerve roots; the Jateral column between
the nerve roots; and the posterior column between the
posterior nerve roots and the posterior median fissure®
(fig. 7).

In the cervical region, close to the posterior median

re—

* Some authors divide the cord thus :—1. Posterior segment—between
postenor median fissure and the teNor perve roots. 3 A-t:m-hul:
ment—between the anterior mﬁn fissure and the posterior nerve mots.
15 antero-lateral column is_again divided, by the groove along which the

anterior nerve roots take origin, into fa/ an Anterior rn. between
antertor median fissure and the anterior nerve roots; (&) a Lateral p::;‘tt.

between the anterior and POStenor nerve roots,
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fissure, an additional slightly marked cleft can be
made out, which, together with other minor septa,
breaks up the cord into many tracts or columns which
will be described hereafter.

2. Spinal Nerves.—Along the sides of the spinal
cord arise the thirty-one pairs of spinal nerves, each
taking origin by two roots—ANTERIOR and POSTERIOR,
springing from the antero-lateral and postero-lateral
grooves respectively. They are enclosed in sheaths
similar to those of the cord itself, and pierce
the dura mater by two separate openings, one for
each root (fig. 1, a. and p.). These nerves, with the
exception of the first or highest, are not attached to the
cord opposite the vertebra below which they leave the
vertebral canal, but at a higher level. This difference
between the points of origin and exit (a matter of
considerable clinical importance), though slight in the
cervical region, increases as we descend the cord,
until at its lower end the nerve roots form an almost
vertical bundle, known as the cawda equina.

3. Spinal Vessels.—The arteries on the surface
of the spinal cord are the Anterior and Posterior
Spinal. The ANTERIOR SPINAL ARTERY, formed above
by the union of two branches, arising one from each
vertebral artery, runs along the front of the cord
underneath the linea splendens, and is reinforced, as
it passes downwards, by a series of anastomotic
branches from arteries in the neck and back. It
gives off branches to the roots of the spinal nerves,
to the anterior median fissure, to the pia mater, and,
ends below upon the filum terminale. The PosSTERIOR
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SPINAL ARTERIES are two in number, running down-
wards, one on each side, behind the line of origin
of the posterior nerve roots. They are derived
from the same source as the Anterior, and are
joined by small branches which enter the interverte-
bral foramina along the roots of the spinal nerves.
They anastomose freely and send offsets into the
Posterior median fissure.

4. Grey and White Matter of the Spinal
Cord.—A transverse section of the spinal cord, such
as that represented in figs. 8 ¢, will show you
distinctly its subdivision into two lateral halves,
and will demonstrate clearly the existence of the
central grey core, of the white cortex, and of the
twofold commissural band of white matter (anterior)
and grey matter (posterior), connecting together its
lateral segments.

(I) The Grey Matter occupies the centre of the
cord, and is completely surrounded by the white
substance. It forms a double column, extending
through the entire length of the cord and is united
across the middle line by a vertical grey band-—the
posterior commissure. In transverse section, there-
fore, it presents more or less the appearance of the
capital letter H, for it is arranged in two irregularly
crescentic masses,—one in each lateral half of the
section. These two grey crescents are united across
the middle line by a transverse band of grey
matter—the cross-bar of the H—which represents the
grey or posterior part of the commissure previousl
mentioned. Each grey crescent is semilunar in shap:
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having its horns or cornua pointing, the one forwards
and outwards, the other backwards and outwards -
hence they are known as the ANTERIOR and the
POSTERIOR CORNUA. The convexity of each grey mass
looks inwards towards the middle line, whereas the
corresponding concavity is directed outwards,

1. Cornua.—The ANTERIOR HORN of each crescent,
irregular in outline, is, for the most part, shorter and
thicker than the posterior, and arches outwards to-
wards the place of origin of the anterior nerve roots.
It does not, however, quite reach the surface of the
cord, some white matter being interposed.

The POSTERIOR HORN, on the other hand, is longer,
more slender and pointed than the anterior, and almost
reaches the surface of the cord at the fissure along
which the posterior nerve roots take their superficial
origin. Here it tapers to a point, called the apex
cornu posterioris, which contains a stratum of rather
clear-looking connective tissue, known from its gelatin-
ous aspect as the substantia gelatinosa of Rolando.
Near its base the posterior horn is somewhat con-
stricted, forming the so-called cerwix or neck, while to
the slightly enlarged part between the apex and neck
the term caput cornu posterioris has been applied.

Now, examine the outer concave side of each
crescent slightly behind its centre and you will find
that the grey matter here assumes the form of a net-
work, projecting out into the white substance. This
network has received the name “processus reticularis”
and 1s best seen in the cervical region. Immediately
in front of this process, and about midway between
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MINUTE STRUCTURE OF THE GREY MATTER.—
To examine the minute structure of the grey matter
you will require specially prepared microscopic sections.
Such specimens will show you that there are two chief
constituents of the grey matter, namely, (i.) A ground
substance or stroma, called NEUROGLIA (nerve glue),
and (ii.) NERVOUS ELEMENTS—nerve fibres and nerve
cells—embedded in this stroma.

(i.) Nleuroglia is a delicate and peculiar kind of
connective tissue, which pervades both the grey and
white substance of the cord, and is of especial interest
clinically as being the probable seat of most of the
inflammatory processes which affect the central
nervous system. It i1s a fibro-granular material, con-
taining nuclei, and is made up of the following
distinct elements:— () a homogeneous jelly-like
matrix, which in sections, hardened in spirit, becomes
somewhat granular; (4) a network of fine fibrillae,
called by Klein *“neuroglia fibrils,” and said by him
to be “in some respects similar to, but not identical
with elastic fibres;” (¢) small branched nucleated
cells, known as neuroglia cells ; () certain larger cells,
stellate in section and occupying intervals between
the nerve fibres—cells of Deiters.

The neuroglia is pretty evenly distributed through-
out the grey substance, but around the central canal
is a considerable collection of it, which has been
called the central grey nucleus. The substantia
gelatinosa of Rolando, previously referred to, is a
similar accumulation of neuroglia.
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EXTERNAL ARCIFORM FIBRES (fig. 33,p. 48).—These
are a set of fibres which arise in the median raphé of
the medulla, emerge from the anterior median fissure,
cross over the surface of the anterior pyramids, over
the lower part of and below the olives, and finally
turn upwards, along with the lateral cerebellar tract, to
form with it the Restiform Body. They will be again
referred to, in treating of the grey matter of the medulla.

SUMMARY.—Thus we see that the medulla oblon-
gata presents four fissures, an anterior, two lateral, and
a posterior; three areas, an anterior, with its pyramids
and their decussation, a lateral with its olive, and
tract of the olivary fillet, a posterior with its funiculus
gracilis, funiculus cuneatus, and funiculus of Rolando,
and their respective enlargements; finally we have the
Restiform body or inferior cerebellar peduncle.

TABLE.—OBJECTS SEEN ON THE SURFACE OF THE MEDULLA.

Anterior Median.
(a) 4 Fissures.q Posterior median.
Two lateral.
Pyramids.
Decussation of Pyramids.
Olive.
Tract of olivary fillet.
[ (Restiform body.
Funiculus of Rolando
(&) 3 Areas. 1 Lower and its tubercle.
Funiculus cuneatus and
its tubercle.
Funiculus gracilis and
its clava,

{Flum of 4th ventricle.

I. Anterior area. {

2. Lateral area. {

3. Posterior | part.
area.

Upper
\ | part.
(¢) External arciform fibres.
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The grey matter of the medulla oblongata may be
described under two heads—(1.) that represented in
the spinal cord, and derived from one or other of its
grey cornua ; (2.) that not so represented, but forming
isolated collections or nuclei not connected with the
grey matter of the spinal cord.

1. Grey Matter derived from the Grey
Crescents.—Transverse sections of the lower part of
the medulla will show you that the grey matter has an
arrangement very similar to that of the grey matter of
the spinal cord (fig. 36 and 37, p. 54); but that higher
up in the medulla the appearance of the grey crescents
becomes much changed (fig. 38).

(a.) The anterior cornu of the spinal cord loses its
characteristic shape, and owing to the fibres of the
crossed pyramidal tract, cutting their way through the
neck of the anterior horn, the head becomes separated
from the base, and the neck is replaced by a reticulum
of fibres, part of the formatio reticularis. The /Aead of
the horn, thus detached, enlarges, and, by the formation
of the anterior pyramids between it and the anterior
median fissure, is pushed from the antero-lateral aspect
of the cord to the lateral aspect of the medulla, where
it may be seen in sections of the lower part of the
medulla as a distinct grey collection, the NUCLEUS
LATERALIS (fig. 37, n.L.).

Again, when the canal of the cord opens out into the
floor of the 4th ventricle it brings the grey matter
which surrounds that canal, to the surface, and hence
the dase of the anterior horn appears on the ven-
tricular floor as a narrow grey tract close to the median
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54 Subdivisions of the Brain.

reasons for thinking that sensory impulses, and im-
pulses which inhibit spinal reflexes pass through this
reticulum. Its longitudinal fibres are derived from the
mixed zone of the lateral column, and probably also
from the mixed zone (anterior root zone) of the
anterior column of the spinal cord. The funiculus
gracilis and the funiculus cuneatus can also be traced
through this reticulum to the cerebrum (fig. 63).

ii. Isolated Grey Masses or Nuclei of the
Medulla.—(1) The chief of these, the corPUS DEN-
TATUM Or OLIVARY NUCLEUS (fig. 38), is contained in the
centre of the olivary body, and is covered superficially
by the external arciform fibres. This ganglion consists
of flask-shaped, multipolar nerve cells, and neuroglia
cells arranged as a zigzag lamina or crumpled sheet of
grey matter concave and open in its inner aspect.
Though this opening, called the /A#/us, passes the
olivary peduncle, a bundle of nerve fibres, which, after
having decussated in the middle line, passes from the
anterior area of the medulla, and enters the centre of
the olivary nucleus, to be there distributed in different
directions,—1. some of the fibres end in the nerve
cells of the grey lamina; 11. some go through the
lamina, and can be traced to the restiform body
and cerebellum under the name of the internal (or
deep) arciform fibres; 111. others make to the surface,
and there join the superficial (external) arciform fibres,
and go along with them and the direct lateral cere-
bellar tract to the restiform body.

The olivary ganglion is closely connected with the
corpus dentatum of the cerebellum, for any injury to

—
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with the fibres of the direct lateral cerebellar tract, and
with them form the Restiform Body (fig. 33, a.f., p. 48).

(2.) The DEEP ARCIFORM FIBRES (fig. 38, d.a.t.) also
arise in the central raphé, and, passing into the centre
of olivary nucleus through its hilus, join the cells of that
nucleus, or pass through it to the restiform directly, or
else first make to the surface, and then along with the
external arciform fibres, go to the restiform body.
Some are said to go to the nucleus cuneatus and to the
nucleus of the funiculus gracilis.

TABLE oF GREY MATTER OF THE MEDULLA.

CoRbD. MEDULLA.
Head—Nucleus lateralis.
Anterior | Neck—Anterior part of the formatio
corni. reticularis.
Base—Nucleus of the fasciculus teres.

-Head—Nucleus of Rolando.

r

Grey matter

of the Spinal 4 Neck—Posterior part of the formatio
Cord. Posterior reticularis.
cornu. | Nucleus of the funiculus
e gracilis.
u.B“‘SE Nucleus cuneatus.

Nuclei on floorof 4th ventricle

Nucleus of the olivary body.
Accessory olivary nuclei.
Nucleus of the external arciform fibres.

Isolated grey nuclei in
the medulla.

RECAPITULATION.—Since the constitution of the
medulla is so complicated, it will be well to summarise
the above facts in a somewhat different order. Com-
mencing at the anterior median fissure, we first meet,
on each side of that fissure—(1) THE ANTERIOR
PYRAMIDS OF THE MEDULLA, composed of longitudinal
fibres, derived chiefly from the crossed pyramidal tract
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on its outer side (fig. 38, a.s.). Superficial to the
tubercle of Rolando are the fibres of the bpIrECT
LATERAL CEREBELLAR TRACT (fig. 33) on their way,
along with the arciform fibres, to the inferior cere-
bellar peduncles (Restiform body).

(7.) Posterior and internal to the nucleus of Rolando
is a mass of grey matter, the NUCLEUS cUNEATUS (fig.
37 and 38, n.c.), lying beneath the cuneate tubercle;
and still nearer the middle line is another grey collec-
tion, the NUCLEUS of the FuNicULUS GrAcILIS (fig. 37
and 38).

In front of the nucleus cuneatus will be seen a
special white rounded fasciculus, probably the root of
the phrenic nerve in the medulla. It is known as the
FACICULUS SOLITARIUS (fig. 38, fs.).

The rest of the grey matter, internal to the nucleus
of the funiculus gracilis, and on each side of the
posterior median groove, belongs to the floor of the
4th ventricle (fig. 34, page s54), and will be fully
described with that cavity.

II. PONS VYAROLII.

The Pons Varolii; when looked at from below,
appears as a broad white band crossing transversely in
front of the upper part of the anterior surface of the
medulla oblongata, between the two halves of the
cerebellum. Composed of grey and white matter, it
presents an upper and a lower border; an anterior
and a posterior surface. The wupper border is arched,
and from it springs the two crura cerebri or cerebral
peduncles ; the /ower dorder, which marks the upper
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fibres lie behind the superficial longitudinal (fig. 39 and
40, page 60). At the lower part of the medulla the
deep set of transverse fibres forms a special collection,
called, from their peculiar arrangement, the #zapezium
(fig. 39). Traced laterally, all the transverse fibres
pass into the middle peduncle of the cerebellum.

(¢) The Superficial Longitudinal fibres (fig.
39, p.y.) are the upward continuation of the anterior
pyramids of the medulla, and in transverse sections are
seen as two rounded bundles, behind the superficial
transverse fibres, though many of them are seen to
intersect these latter. The Deep Longitudinal
bundles (fig. 39, p.y.) are placed near the dorsal aspect
of the Pons, which is chiefly made up of the formatio
reticularis, and of a prolongation of the grey matter of
the medulla.

This longitudinal set of fibres is said to be derived from the

olivary fillet, from the olivary fasciculus, and from the lateral and
posterior columns of the spinal cord.

2, GREY MATTER OF THE PONS.

The grey matter of the Pons consists of multipolar
and stellate nerve cells, either scattered or arranged in
definite groups called nuclei. Thus we have—

i. The Nucleus Pontis (fig. 39), situated on the
ventral aspect of the Pons, amongst the superficial
transverse fibres, some of which are connected with its
nerve cells.

ii. The Superior Olivary Nucleus (fig. 39, s.0.),
placed on the dorsal part of the Pons, behind the
trapezium and some little distance from the middle

"
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62 Subdivisions of the Brain.

colour than hemispheres of the cerebrum, and consist
of numerous crescentric laminz of grey matter with
their convexities backwards.

The UPPER SURFACE of each cerebellar hemisphere
is concave, but along the middle line runs a slightly
raised ridge, indicating the position of the SUPERIOR
VERMIFORM PROCESS. On this aspect the two hemis-
pheres are continuous with each other across the
middle line, there being no definite line of demarca-
tion between them. The UNDER SURFACE of the
hemispheres, on the other hand, is divided into two
lateral convex halves by a wide median groove or
hollow, the VALLECULZE, in which you will see the
INFERIOR VERMIFORM PROCESS. Posteriorly, the hemis-
pheres are separated by a notch, INCISURA CEREBELLI
POSTERIOR ; which receives the free anterior margin of
the falx cerebelli, and in front is a wider notch, the
INCISURA CEREBELLI ANTERIOR, which lodges the Pons
Varolii and Medulla.

1. LOBES OF THE CEREBELLUM.

The surfaces of the cerebellar hemispheres have a
laminated appearance, for they are broken up by
numerous furrows into crescent-shaped folia, which
have been grouped together under special names,
though it must be confessed that the lobes they form
are often exceedingly ill-defined, and of little or no
practical importance. A tabular list of them is here
given for the purposes of reference.

(1.) On the upper surface of the cerebellar
hemispheres are—
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(4.) On the Inferior Vermiform Process—

(a.) The TUBER VALVULE (fig. 44,t.v.), placed between
the posterior superior and the slender lobes of
opposite sides.

(¢.) The pyraMID (fig. 44, p.) between the biventral
lobes.

(¢.) The uvura (fig. 44, u.) between the tonsils, and
connected with them by a grey band, called,
from its ridged appearance, the FURROWED
BAND (fig. 44, £b.).

(d.) The NODULE (fig. 44, n.) or LAMINATED TUBERCLE,
the pointed anterior end of the inferior vermi-
form process. It is placed between the
flocculi, and, projecting into the roof of the
4th ventricle, is continuous with the inferior
medullary velum (page 66).

2. PEDUNCLES OF THE CEREBELLUM.

The Peduncles of the Cerebellum are three
for each hemisphere, the superior, the middle, and the
inferior. They connect the cerebellum (1) to the
pons, crura ad pontem ; (11.) to the medulla, crura ad
medullum ; and (i1.) to the cerebrum, crura ad
cerebrum.

i. The superior peduncles (fig. 30, s.p., page 44)
are hidden beneath the anterior part of the cerebellum,
and to see them you will require to divide the cere-
bellum by a vertical median incision, and to draw the
parts asunder. The crura ad cerebrum or superior
peduncles arise in the middle of the white substance
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3+ MEDULLARY VELA,

(i.) The Superior Medullary Velum—Valve
of Vieussens (fig. 58, s.m.v., page 98)—is a delicate
sheet of nerve substance placed across the triangular
interval left between the superior cerebellar peduncles
before they meet in the middle line. It consists of a
white lamina crossed on its upper surface by several
transverse grey ridges, with intervening furrows, called
the LiNGuLA (fig. 40, ling., page 60), not to be
confounded with the Licura (fig. 31, lig., page 44), the
epithelial thickening along the lower margin of the
4th ventricle. The white and grey matter of the
superior medullary velum are continuous at the sides
with the white and grey matter of the cerebellar
hemispheres.

(ii.) The Inferior Medullary Velum—Valve
of Tarini (fig. 44, 1.m.v., page 64).—In order to see
this velum you must remove the amygdaloid lobes.
Consisting of two thin white lamina of nerve sub-
stance semilunar in shape, this velum stretches between
the two flocculi to which it is attached externally.
Internally, on the other hand, the two parts of the
velum are united to the under surface of the nodule,
and are continuous with each other beneath it. The
inferior convex margins of each division blends with
the white substance of the inferior vermiform process,
and with the furrowed band; their free concave upper
(or anterior) margins are continuous with the epithelium
which lines the under surface of the pia mater roofing
over the lower part of the 4th ventricle.
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stratum chiefly composed of a delicate matrix of neur-
oglia, with nerve cells and nerve cell processes.

(¢.) The inner layer, called the granular layer
(rust coloured, Turner), (fig. 45), consists of nucleated
corpuscles, rounded or angular in shape, and embedded
in a matrix of fine interlacing nerve fibrille.

(¢.) The middle layer is formed of cells which are
characteristic of the grey matter of the cerebellum.
They are called the ceLLs oF PurkiINJE (fig. 45), or
from their shape, ANTLER CELLS, and are large flask-
shaped cells set at right angles to the surface of the
cerebellum. Their larger ends are the deeper, and give
off a single, slender, unbranched, process, which is
probably connected with the cells of the innermost
layer. Their outer process is much larger, and branches
like the horns of a deer, hence the name antler cells;
its branches are connected with the cells of the outer
layer of the cortex.

The whife matter of the cerebellum is composed of
white medullated nerve fibres, which have nothing
characteristic or distinctive in their structure.

The functions of the cerebellum are as yet unknown,
but the classical experiments of Fluorens point to the
fact that it is a centre for the co-ordination of muscular
movements, such as walking, &c. Later experiments
show that the cerebellum is an organ of equilibration.

THE 4TH VENTRICLE.
ITS POSITION, FLOOR, ROOF, WALLS, AND NUCLEL

The 4TH VENTRICLE is a conical shaped space with a
tent-like roof, directed backwards, and a quadrilateral
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3o and 33, s.a.), which, you will remember, mark the
upper limit of the Medulla on this aspect. They also
serve to divide the ventricular floor into two divisions, a
lower or MEDULLA PORTION and an upper or PONS
PORTION (fig. 33, p. 48), both of which are again sub-
divided by the vertical median groove that runs from the
superior to the inferior angle into two lateral segments.
Thus we get the entire ventricular floor marked out
into four divisions, two above and two below the strize
acustice (fig. 33). On examining each of the lower
divisions you will see, at about their centre, a small
triangular depression called the INFERIOR FOVEA (fig.
33, 1.f.), the base of which is directed downwards, the
apex upwards and in close contact with the strie;
while its inner and outer margins are prolonged down-
wards as two grooves, the inner until it meets the
central median furrow near the lower angle of the
ventricle; the outer until it reaches the lateral wall of
the cavity. Thus we find that each part of the
medullary division of the ventricular floor can be
mapped out into four distinct areas.

(1.) One enclosed within the sides of the trian-
gular depression—THE INFERIOR FOVEA (fig. 30, page
44, and 33, 1.f,, page 48).

(2.) A raised area—FASCICULUS TERES—between
the median furrow and the inner margin of the fovea
(fig. 33, fit.).

'(3.) The TuBERCULUM AcusTICUM lying between
the lateral wall and the outer margin of the fovea

{ﬁg 33 t.&-)'
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or T&ENIA (fig, 31, lig.). The roof of the upper portion of
the ventricle is formed partly by the SUPERIOR CERE-
BELLAR PEDUNCLES after they meet in the middle line;
and partly by the SUPERIOR and INFERIOR MEDULLARY
VELA (fig. 58, page 98,s.m.v.,and fig. 44, page 64, i.m.v.).

4. Ependyma Ventriculorum.—The floor of
the 4th ventricle is covered by a layer of grey matter—
the EPENDYMA VENTRICULORUM—consisting of neu-
roglia derived from the central grey nucleus round the
canal of the spinal cord. Upon this ependyma lies a
layer of epithelium cells continuous with the epithelium
lining the central canal of the spinal marrow, and the
other ventricles of the brain.

5. Openings into the 4th Ventricle.—At the
superior angle the 4th ventricle communicates by a
narrow channel, AQUEDUCT OF SyLviUs (iter a tertio ad
quartum ventriculum) with the THIRD VENTRICLE (fig.
58, page 98, glass rod through the passage); below at
the inferior angle the cavity is continuous with the
CENTRAL CANAL of the spiNAL corD; behind at the
lower part of the roof, just above the inferior angle,
by a small rounded opening, the FORAMEN OF MAJENDIE
(fig. 35, page 54, fm.), with the SUBARACHNOID SPACE;
while at each side, near the lateral angles, are similar
openings in the roof, between the Cerebellum and Me-
dulla and behind the rootsof the glossopharyngealnerve,

6. Choroid Plexus (fig. 35, c.p., page 54).—The
choroid plexus of the 4th ventricle consists of two longi-
tudinal vascular folds attached to the under surface of
the pia mater over the roof of the 4th ventricle. These
vascular fringes run along each side of the middle line
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above (fig. 34, No. 9). Beneath the upper division of
the ventricular floor, close to the lateral recesses, are the
SENSORY and MOTOR NUCLEI OF THE 5TH NERVE, the
motor being internal, the sensory external (fig. 34,
No. 5). The nucleus of the 6TH NERVE (fig. 34, No. 6)
lies superficial to but higher up and nearer the middle
line than the nucleus of the yth; the 7TH (FaciAL part)
is placed deeper, and internal to the sth (fig. 34, No. 7),
but external to the 6th nerve (fig. 34). The nucleus
of the AUDITORY PART OF THE 5TH is external to the
6th nerve. These various nuclei will be again referred

to in the section on the superficial and deep origins of
the cranial nerves.

IV. THE CEREBRUM.

General Outline.—In man the cEREBRUM is by
far the largest division of the brain, and weighs on an
average from 46 to 53 oz. Above, it occupies the
vault of the cranium; below, at its base, it is lodged
in front within the anterior and middle cranial fossz,
but behind it rests on the upper surface of the
tentorium cerebelli. An egg-shaped mass of nervous
substance, it is larger behind than in front, and is
partly separated by the great longitudinal fissure into
two halves—the CEREBRAL HEMISPHERES—which are
ovoid in shape and are composed of a white stalk or
peduncle, surmounted by a convoluted grey crust,
mapped out by furrows or suLct into a series of larger
or smaller folds called coNVOLUTIONS.

Internally the cerebrum consists of GANGLIONIC
MAssES and comMIssURES; and its centre is hollowed
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aspect of the hemisphere, and there divides into two
limbs, an anterior, verfical, and a posterior, Aorizontal
(fig. 47, page 70).

(2.) Fissure of Rolando (figs. 46 and 47, page
76, f.R.), one of the first to appear in the development
of the brain, commences above, close to, though rarely
reaching the median longitudinal cleft, and then de-
scends obliquely forwards across the outer surface of
the hemisphere, to end below at the anterior part of
the horizontal limb of the fissure of Sylvius.

(3.) The Parieto-occipital fissure appears on
both the outer and inner surface of the hemisphere.
The EXTERNAL PARIETO-OCCIPITAL FISSURE is a short
cleft on the outer aspect of the hemisphere near its
hinder end (fig. 46, par. occ.); the INTERNAL
PARIETAO-OCCIPITAL FISSURE, continuous above with
the external, is a very constant fissure, and descends
vertically on the mesial aspect of the cerebrum (fig. 49,
page 78, par. occ.), it will be noticed, with that surface
of the hemispheres.

(4.) The Intralobular Fissures separate indi-
vidual convolutions from each other.—Those which
have received special names are—I. the pracentral
(fig. 46, pree.cent.); 11 intraparietal (fig. 46, int.par.);
111. the parallel (fig 47, parll.); 1v. the triradiate (fig. 48,
tr.f); v. the collateral (fig. 49, coll.f); vi. the callosal
(fig. 49, call.f); vii calloso-marginal (fig. 49, calloso-
m.); vilL the calcarine (fig. 49, cal); and 1x. the
dentate (fig. 49, d.). They will be described with the
convolutions which they serve to map out.
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SUPERIOR, the MIDDLE, and the INFERIOR FRONTAL
CONVOLUTIONS (fig. 46 and 47, sm.i.f), which have
been classed together by Gowers under the term pre-
FRONTAL LOBE. The left inferior frontal convolution is
often called Brocas’ convolution and probably contains
the centre for speech.

The orbital surface of the Frontal Lobe presents,
at about its centre, a threelegged sulcus—the TRrI-
RADIATE FISSURE—which subdivides the surface into
three gyri, an INTERNAL ORBITAL Or GYRUS RECTUS
(fig. 48, page 78, i.or.)* an ANTERIOR ORBITAL (fig. 48,
a.or.); and an EXTERNAL ORBITAL (fig. 48, e.or.); all
of which are mere prolongations, into this surface, of
the convolution of the outer surface. Thus the
superior frontal convolution passes into the gyrus
rectus, the middle into the anterior orbital, and the
inferior into the external orbital.

On the surface of the gyrus rectus is lodged, in
a triangular sulcus—OLFACTORY GROOVE,—a club
shaped body—the oLracTORY BULB and its PEDUNCLE.
Traced backwards the peduncle bifurcates behind into
two white bands, the outer passing backwards towards
the fissure of Sylvius where it is lost, the inner running
to the side of the great longitudinal fissure (fig. 24,
page 24). Between these two limbs you will see a
small conical elevation—the OLFACTORY TUBERCLE,
which is often looked upon as the middle root of the
olfactory peduncle,

The wmesial surface of the Frontal Lobe will be
described with the corresponding surface of the hemi-
sphere.
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the PARIETAL EMINENCE (Turner); and a POSTERIOR
part, behind the horizontal limb of the fissure of Sylvius,
and round the hinder end of the PARALLEL suLcus
(fig. 49, parll. f), and called the ANGULAR GYRUS (fig.
47, ang.). 'This later gyrus passes below, without any
line of demarcation, into the middle temporo-sphenoidal
convolution (fig. 47, m.t.s.). The angular gyrus prob-
ably contains the centre for sight, though the occipital
lobes are closely connected with this same function.

The ascending frontal and ascending parietal con-
volutions contain the chief motor centres (fig. 5o,
page 84).
TABLE or THE CONVOLUTIONS OF THE PARIETAL LOBE.

e

Ascending parietal. | Supra mar-
Outer surface.{ Superior parietal. 1 ginal.
Inferior parietal, Angular.

See mesial surface of hemis-
pheres.

Parietal Lobe. +

Inner surface.

ITI. The Occipital Lobe.—This lobe presents a
greater number of individual variations in the arrange-
ment of its convolutions than any of the other lobes.
Pyramidal in shape, with the apex backwards, it has
three surfaces, an exfernal, in contact with the parietal
bone, an #nfernal, forming part of the mesial surface
of the hemisphere, and an #zferior, continuous with
the under surface of the temporo-sphenoidal lobe. At
present we shall notice the external surface only;
the others will be described with the corresponding
surfaces of the hemispheres. The exfernal surface is
bounded in front by the PARIETO-OCCIPITAL FISSURE,and
by a line drawn downwards from it across the surface
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18 The Spindl Cord.

trophic influénce on the muscles. This conclusion
receives support from the fact that, in any injury to the
cells of the brain cortex (called the first trophic realm*),
the degeneration of the muscles which follows is by
no means rapid, whereas, if the cells of the anterior
vesicular column (second trophic realm) be injured,
besides paralysis of the nerves, rapid degeneration of
the muscles is the result,

The second well-marked group of cells is placed at
the base of the posterior horn, near its inner angle.
It 1s found only along the middle region of the cord,
from the seventh cervical to the first lumbar vertebra,
and is variously known as POSTERIOR VESICULAR
coLUMN, Clarke’s column, Dorsal nucleus (fig. 12,
p.c.). It has an intimate connection with the
posterior or sensory nerve roots.

A third group of nerve cells, the NUCLEUS OF THE
INTERMEDIO-LATERAL TRACT, (fig. 12, il), lies at the
root of the posterior cornu on its outer side, within
the column of grey matter of the same name, and, like
it, can be distinguished in the dorsal region only.

TABLE OF VESICULAR COLUMNS,

Antero-internal group.

I. Anterior vesicular column, {&ntem-extemal group.

2. Intermedio-lateral vesicular column.
3. Posterior vesicular column ; Clark’s column ; Dorsal nucleus.

STRUCTURE.—The cells of the vesicular columns
vary considerably both in size and shape. Most of

* These well-chosen terms we owe to Dr Wyllie, Lecturer on Medicine,
School of Medicine, Edinburgh.
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20 The Spinal Cord.

1. White Columns or Segments of the Cord,
and their Subdivisions (fig. 19, p. 22).—Your
attention, you will remember, has already been called
to the fact that the exit and entrance of the nerve roots
subdivide each lateral half of the cord into three
longitudinal white segments or columns—namely, an
ANTERIOR, a LATERAL, and a POSTERIOR; each of
which, however, can be again subdivided into smaller
tracts or strands, which have received special names
(fig. 16, 17, 18, 10, p. 22).

To determine by actual dissection the course of
the various tracts or strands of fibres which pass
along these columns would be impossible. The task,
however, has been much simplified by the study
of development and of pathology ; for “ we may learn
as much of the course of the fibres by studying them
in their birth as in their death—in their development
as in their decay.” The former teaches us that
different tracts or bundles of fibres acquire their white
substance (medullary sheath) at different periods of
their development, so that in specially prepared speci-
mens we are enabled to pick them out and trace them
through successive sections of the cord. On the other
hand, the selective action exercised by disease, (so
analogous to that exercised by certain poisons,) affords
equally valuable information. For to Pathology we
are indebted for the knowledge that, when a nerve
fibre degenerates in consequence of lesion or disease,
the proper nerve substance is replaced by connective
tissue, which, when treated with certain staining
re-agents, behaves differently from the surrounding
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of the cord, is a bundle of fibres known as the crosseD
PYRAMIDAL TRACT (fig. 16, &c., c.p.), which, as we
shall afterwards see, is continued upwards into the
anterior pyramid of the gpposite side of the medulla
oblongata; hence the name crossed pyramidal tract.

The thin lamina of white matter, which separates this
tract (crossed pyramidal) from the surface of the cord,
constitutes the DIRECT LATERAL CEREBELLAR TRACT
(figs. 16, &c., c.p., p. 22), so-called from its supposed
connection with the cerebellum on the same side.,

Then again Haddon and Gowers have been able
to define two symmetrical areas, situated one in the
anterior part of each lateral column in front of the
crossed pyramidal tract (fig. 16, s.). These bundles
are probably sensory in nature.

The rest of the lateral column is called the MIXED
zoNE (fig. 19, m.z.), though it is often divided into two
parts, anterior and posterior mixed strands,—the latter
being also called the “limiting layer” (fig. 1g).

(¢) Posterior Column.—The arrangement of
the strands in this column somewhat resembles that in
the anterior (fig. 19). Thus, especially in the cervical
region, we find close to the posterior median fissure
a narrow band called the POSTERO-INTERNAL TRACT
(fig. 19, p.i.), (Posterior median column, Fasciculus of
Goll) ; and an external division named the POSTERO-
EXTERNAL TRACT, (Cuneate fasciculus, Posterior root
zone, Fasciculus of Burdach) (fig. 19, p.e.). The dis-
tinction between these two parts of the posterior column
is of considerable importance in the pathology of
ILocomotor Ataxy (Bristowe, p. 1019. Ed. 1884).

* This tract is called by Gowers the antero-lateral ascending tract,
(hg. 19, ant. lat. asc.)
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ii. White Commissure.— The two anterior
white columns of opposite sides of the cord are united
across the middle line by the anterior or white part of
the spinal commissure (fig. 12, p. 18, a.c.). It is seen
at the bottom of the anterior median fissure, and
consists of decussating white fibres derived partly from

the anterior column, partly from both anterior and
posterior nerve roots.

TABLE oF WHITE TracTs OF THE SPINAL CORD.
(Plate 4, fig. 19, p. 22.)

(1. Antero-internal. Fasciculus of Tiirck. Direct
Anterior pyramidal. Uncrossed pyramidal.

column. | 2. Antero - external.  Basis bundle (Turner).
Anterior root zone (Charcot).

(1. Crossed pyramidal.
. Direct lateral cerebellar.

Lateral |?

column, |3+ S¢nsory zone (Gowers).
4. Mixed zone—anterior mixed ; posterior mixed
= or limiting layer.

Posterior | 1+ £0s%ro-internal. Fasciculus of Goll.

1\ 2. Lostero-external., Fasciculus of Burdach. Pos-
terior root zone (Charcot). Fasciculus cuneatus.

MINUTE STRUCTURE OF THE WHITE MATTER (fig.
20 and 21, p. 22)—With the exception of blood-
vessels, and of the neuroglia which forms a supporting
framework, the white substance of the cord is almost
entirely made up of medullated nerve fibres, running
for the most part longitudinally. Each fibre consists
of a central core or axis cylinder which appears in
section as a dark spot, surrounded by a laminated

medullary sheath (fig. 20 and 21). Neither neurilemma
nor nodes of Ranvier can be detected.

column.
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In addition to the accumulations of neuroglia
already described under the names of substantia
gelatinosa and central grey nucleus, there is upon the
surface of the cord, immediately beneath the pia
mater, a layer of this same substance, which sends
processes into the various clefts and septa of the
cord.

5. Deep Origins of Spinal Nerves (fig. 22).—
The ANTERIOR NERVE ROOTS, taking their super-
ficial origin from the antero-lateral groove, can be
traced inwards through the peripheral white substance
to the anterior cornu, which they enter in several
bundles. Their fibres may be traced as follows
(fig. 22, a.) :—

1. To the lateral group of cells in the anterior horn.

2. To the lateral white columns.

3. To the posterior cornu.

4. To the anterior part of the commissure.

5. To the anterior group of cells in the anterior horn.

The POSTERIOR NERVE ROOTS enter the cord at
the postero-lateral groove in two distinct bundles—
external and internal (fig. 22, p.).

The fibres of the external bundle can be followed—

1. To nerve cells of posterior horn.

2. To anterior horn.

3. To posterior part of the commissure.

The fibres of the internal bundle do not pass

straight to the grey matter, but enter the white sub-
stance of the posterior column, in which they run
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CHAPTER I

THE BRAIN

AND ITS
MEMBRANES.

UNDER the term BraiN or ENCEPHALON is included all
that part of the great central nervous system which is
enclosed within the cavity of the cranium. Invested
by three membranes, it presents, as you will afterwards
see, three distinct subdivisions: 1. The CEREBRUM,
a large convoluted mass; 1. the CEREBELLUM or
little Brain ; 111. the Pons VaARroLIl, a white transverse
band ; and 1v. the MEDULLA OBLONGATA, the enlarged
upper end of the spinal cord.

DISSECTION—I. To expose the Membranes of the
Brain.—Make an incision along the middle line through the
entire thickness of the scalp, from the root of the nose in front to
the external occipital protuberance behind. Turn back the
pericranium to the level of the ears, and then saw through the
outer table of the skull-cap along a line passing round the skull,
about half an inch above the external occipital protuberance
behind, and about the same distance above the supraorbital arch
in front. Break through the inner table with the chisel and
forcibly raise the detached skull-cap, which you will find more
or less adherent to the subjacent membrane, especially along the
lines of the cranial sutures. Branches of the meningeal arteries
will be seen ramifying on the outer surface of the exposed
membrane, between it and the bone.
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28 Membranes of the Brain.

far down the spinal canal as possible, and divide the spinal
cord, the nerve roots attached to its sides, and the vertebral
arteries as they wind round from the back. Tear through the
veins of Galen, and the entire brain can now be easily removed
from its bed, and should be at once placed in spirit. Leave it
there for a few days; then examine and carefully remove the

pia mater except at the back between the cerebrum and
cerebellum.

Section 1.

MEMBRANES OF THE BRAIN.

Cranial Dura Mater.—To examine the dura mater re-
place as far as you can the falx major and the tentorium cerebelli
and fasten them in their places by a few stitches ; but it will be
far more satisfactory for you if you can obtain a specimen
specially prepared to show the arrangement of the dura mater.

I. THE DURA MATER.

The Cranial Dura Mater is a dense white
fibro-serous membrane, rough externally, smooth and
polished within, where it is lined by a lajfer_ of
endothelial cells similar to that which lines the spinal
dura mater. Composed of two layers, an inner,
which sends processes between the parts of the
brain, and an outer, which forms the endosteum
of the inner table of the cranium, it adheres to the
bones of the skull, especially along the lines of the
cranial sutures and at the base of the cranium. This
latter fact accounts for the rare occurrence of
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2. The Falx Cerebelli (fig. 25 and 26 f.c.) is the
small median vertical triangular partition, attached
behind to the internal occipital crest, and above, at its
widest part, to the under surface of the tentorium
cerebelli. Its free concave margin projects forwards
and fits into the notch between the halves of the
cerebellum, and its posterior attached margin contains
the occipital simus, which is single above but bifid
below.

3. The Tentorium Cerebelli, (fig. 25 and 26
t.c.,) supporting the posterior part of the cerebrum,
passes forwards and upwards, somewhat horizontally, as
an arched tent-like partition between the big brain and
the little brain. Its posterior convex margin is attached
behind to the transverse ridges on the occipital, parietal,
and temporal bones, and to the upper margin of the
petrous part of the temporal bones, and ends in front at
the posterior clinoid processes. This margin contains
the lateral sinuses behind and the superior petrosal
sinuses in front. The anterior concave margin, free in
the greater part of its extent, is attached on each side
by a narrow slip to the anterior clinoid processes.
Between this margin and the dorsum sellae of the
sphenoid is an oval opening for the passage of the
crura cerebri. Along the middle line of the upper
surface of the tentorium runs the straight sinus, which
receives the veins of Galen from the interior of the
brain.

The MINUTE STRUCTURE of the dura mater of the
brain is similar to that of the spinal cord.






B e e e R ey

32 Membranes of the Brain.

the substance of the brain. Besides the septa between
the convolutions the pia mater also sends through the
Sreat transverse fissure (see Ventricles) into the lateral
ventricles a special prolongation, the wvelum interpositum
with 1its vascular fringe, the choroid plexus; and a
similar vascular process of pia mater, known as the #e/a
choroidea inferior or choroid plexus of the 4th ventricle,
lies on the roof of that cavity. -

In STRUCTURE the pia mater of the brain corresponds
to the inner of the two layers of the pia mater of the
cord. It receives its nerve supply from the 3rd, sth, 6th
facial, and 8th nerves, as well as from the sympathetic.

III. THE ARACHNOID.

The Arachnoid (fig. 27, a.) is a smooth, glistening,
transparent, colourless membrane, situated between the
dura mater and the pia mater. Formed of a single layer,
which envelops the brain, but does not pass into its
fissures, it is connected to the pia mater beneath
by the subarachnoid trabecule, which are far more
numerous than those in the spinal cord. . At certain
spots, especially at the base of the brain, the pia mater
and the arachnoid are widely separated from each other,
forming the SUBARACHNOID SPACES, which contains
most of the cerebrospinal fluid.

There is no difference in STRUCTURE between the
cranial and spinal arachnoid. The nerve supply to the
former is probably the sth, the facial, and the spinal
ACCESSOTY NETrves.

Subarachnoid and Subdural Spaces (fig. 27,
s.a.).—The space between the dura mater and the
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of the veins. They are fifteen in number, five paired
and five single. The single sinuses are the superior
and the inferior longitudinal; the straight sinus; the
circular, and the transverse. The paired set includes
the two superior and the two inferior petrosals, the two
cavernous and the two occipital sinuses.

1. The Superior Longitudinal Sinus (fig. 25
and 26, p. 34) begins in front at the foramen caecum as
a small vein, and thence arches upwards and back-
wards in the convex margin of the falx cerebri to
reach the internal occipital protuberance, where it is
joined by several other sinuses at the triangular
dilation, called the Torcular Herophili or the meeting
of the sinuses. Cut open the sinus in its entire length
and you will see that it is wider above than below,
being triangular in section, and that it increases in size
as it passes backwards, its cavity being crossed by
many slender bands—Chorde Willisii. =~ Numerous
veins, from the substance of the brain, pour their
blood into this sinus. They run mostly from before,
backwards, piercing the wall of the sinus by slit-like
openings, which act as valves and thus prevent regurgi-
tation of the blood. Other smaller veins enter it from
the diploé of the surrounding bones, and it receives an
emissary vein through the parietal foramen.

2. The Inferior Longitudinal Sinus (fig. 25 and
26) is really a small vein contained in the free concave
border of the falx major. It commences in front by
small venous radicles within the substance of the falx
and ends behind 1n the straight sinus.

3. The Lateral Sinuses (fig. 25 and 26).—These
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36 Memibranes of the Brain.

and inferior petrosals, and receive small cerebral veins,
and the veins from the orbit (fig. 20).

6. The Circular Sinus (fig. 25 and 26) surrounds
the Pituitary Body in the Sella Turcica. At each side
it communicates with the cavernous sinuses.

7. Petrosal Sinuses (fig. 25 and 26) are two
on each side; the superior and the inferior. The
superior petrosal sinus lies along the upper border
of the petrous part of the temporal bone, and connects .
the cavernous sinus with the lateral sinus. The
inferior petrosal sinus runs in the groove between
the occipital bone and the petrous part of the temporal
bone. It unites the cavernous sinus to the lateral
before it enters the jugular vein. Cerebral, cerebellar,
tympanic, and auditory veins pour their blood into one
or other of these sinuses.

8. The Transverse Sinus, (fig. 25 and 26), some-
times double, is placed across the basilar process of
the occipital bone, connecting together the inferior
petrosal sinuses. It communicates below with the
anterior spinal veins.

9. The Occipital Sinuses (fig. 25 and 26) com-
mence below, near the foramen magnum, as two small
channels which run upwards in the attached margin of
the falx cerebelli, and then join above to form a single
sinus which opens into the Torcular Herophili.

Emissary Veins are small vessels which pass
through foramina in the skull, and unite the veins of
the scalp with the cranial sinuses. If it were not for
these veins, injuries to the scalp would lose half their
significance (Treves).
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2. Middle Cerebral or Sylvian Arteries are
the largest branches of the internal carotid, and pass
upwards and outwards in the fissure of Sylvius till
they reach the surface of the island of Reil, where
they ramify in the pia mater, forming part of the
cortical system of arteries: they anastomose freely
with the anterior and posterior cerebral arteries. Other
branches, furnished through the anterior perforated
spot to the corpus striatum, are all terminal arteries
and belong to the “ganglionic system” of branches.
They are (1) the lenticular; (2) the lenticulo-striate ;
(3) the lenticulo-optic, and will be again referred to in
describing the nuclei of the ventricles of the hemis-
pheres. The middle cerebral artery is the one chiefly
concerned in cerebral heemorrhage.

3. Anterior Choroidal Arteries, one or two
in number, are either branches of the internal carotids
or of the middle cerebrals. Entering the fissure
between the temporo-sphenoidal lobe and the crus
cerebri (fig. 28), they reach the descending cornu
of the lateral ventricle and there form the vascular
fringe—the choroid plexus.

4. Posterior Communicating Arteries run
backwards and join the posterior cerebral arteries
(branches of the basilar artery), and thus is estab-
lished a free anastomosis between the carotids and
the vertebrals.

II. The Vertebral Arteries—branches of the
subclavian—enter the foramen magnum by perforating
the dura mater, and then curve round to the anterior
surface of the medulla. At the lower border of the
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38 Arteries of the Brain.

2. Middle Cerebral or Sylvian Arteries are
the largest branches of the internal carotid, and pass
upwards and outwards in the fissure of Sylvius till
they reach the surface of the island of Reil, where
they ramify in the pia mater, forming part of the
cortical system of arteries: they anastomose freely
with the anterior and posterior cerebral arteries. Other
branches, furnished through the anterior perforated
spot to the corpus striatum, are all terminal arteries
and belong to the ‘ganglionic system” of branches.
They are (1) the lenticular; (2) the lenticulo-striate ;
(3) the lenticulo-optic, and will be again referred to in
describing the nuclei of the ventricles of the hemis-
pheres. The middle cerebral artery is the one chiefly
concerned in cerebral heemorrhage.

3. Anterior Choroidal Arteries, one or two
in number, are either branches of the internal carotids
or of the middle cerebrals. Entering the fissure
between the temporo-sphenoidal lobe and the crus
cerebri (fig. 28), they reach the descending cornu
of the lateral ventricle and there form the vascular
fringe—the choroid plexus.

4. Posterior Communicating Arteries run
backwards and join the posterior cerebral arteries
(branches of the basilar artery), and thus is estab-
lished a free anastomosis between the carotids and
the vertebrals.

I1. The Vertebral Arteries—branches of the
subclavian—enter the foramen magnum by perforating
the dura mater, and then curve round to the anterior
surface of the medulla. At the lower border of the
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Circle of Willis (fig. 28, p. 38).—This important
arterial inosculation takes place at the base of the brain
between the internal carotids and the vertebrals. In
front the circle is formed by the anterior communicat-
ing, which joins together the two anterior cerebral
arteries ; behind by the two posterior cerebral arteries,
branches of the basilar; and on each side by the in-
ternal carotids, the anterior cerebrals, and the posterior

communicating.
In front
ANTERIOR COMMUNICATING,

On each side
ANTERIOR CEREBRAL, ANTERIOR CEREBRAL,
INTERNAL CAROTID. INTERNAL CAROTID,
PosTERIOR COMMUNICATING, PosSTERIOR COMMUNICATING.

Behind the
Two POSTERIOR CEREBRALS,
Branches of the
BASILAR.

Special Characters of the Cerebral Circu~
lation are—

(1.) The free anastomosis at the circle of Willis,
which provides a ready supply of blood from other
vessels in case of the sudden blocking of any of the
more direct channels.

(2.) The tortuous course through bony canals of
the arteries as they enter the skull, thus mitigating the
force of the heart’s beat. -

(3.) Their ramifications in the pia mater before
entering the substance of the brain.

(4.) The thinness of the arterial walls, and the

smallness of the capillaries.
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CEREBRUM. On separating the walls of this median
cleft you will find that, in front and behind, it extends
right through to the base of the brain; but that in the
middle of its extent, it is interrupted below by a
transverse band of nerve fibres, the corpus callosum or
great commissure of the brain.

The under surface of the brain, convoluted similarly
to the upper surface, is very irregular, for it fits into
the corresponding foss® at the base of the skull. It
1s on this aspect that you will recognise the three other
subdivisions of the brain—viz., (1) the CEREBELLUM,
(fig. 48, c.) or little brain, lying behind and below
the posterior part of the cerebral hemispheres ; (2) the
Pons Varourn, (fig. 48, p.) a broad white band,
crossing transversely between the two halves of the
cerebellum and in front of the upper part of the
medulla ; (3) the MEpULLA OBLONGATA, (fig. 48, m.)
or bulb, placed between the cerebrum above, the
pons in front and the cerebellum behind, and serving
to connect these several parts of the brain with the
spinal marrow. We shall describe (1) the MEDULLA ;
(2) the Pons; (3) the CEREBELLUM ; (4) CEREBRUM.

I—MEDULLA OBLONGATA.

The Medulla Oblongata, the most complicated
portion of the central nervous system, is, as you already
know, the expanded upper end of the spinal cord, and,
like it, is composed of grey and white matter. By its
anterior surface it rests upon the basilar process of the
occipital bone, and in general outline is more or less
conical, with its long axis nearly vertical, its base being
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1. The ANTERIOR MEDIAN FISSURE énds above, at the
lower margin of the pons, in a slight recess needlessly
named the foramen ccecum; while below, at the lower
limit of the medulla, it is interrupted by the decussa-
tion of the pyramids.

2. The POSTERIOR MEDIAN FISSURE expands above
into the floor of the 4th ventricle, along the centre of
which runs a mesial groove in a line with the median

fissure of the cord.

3. The LATERAL FISSURES give origin to the roots of
the 8th and oth pairs of cranial nerves; the 8th pair
springing from the continuation of the postero-lateral
groove, and the gth pair from that of the antero-
lateral groove. By means of these several fissures the
surface of each half of the medulla is marked out into
three areas, for the most part artificial,— viz.,, an
anterior, between the anterior median fissure and the
line of origin of the gth nerve; a lateral, between the
gth nerve in front and the 8th nerve behind; and a
posterior, between the posterior median fissure and the

8th pair of nerve roots. .
2. AREAS OR WHITE COLUMNS OF THE
MEDULLA.

(Fig. 30 and 31, p. 44.) . A
It will be convenient to begin with the description

of the posterior area.

1. The Posterior Area.— The #pper portion of
this area enters into the formation of the floor of
the 4th ventricle. This cavity should naturally be
described at this stage, but since many of its parts are
connected with the pons and cerebellum, we are forced



nfi r'.j'l

fnl"'l'l'ﬂ'.r VT

/
y -"'_"'h-.r;:'h:rw.
mi v
‘:';Ih"\". ; IJ' e

fnﬁ-lrvfr r'lf‘.plfnfnnu'u Fl‘l‘-

el vir v rirvensile "”"‘?' ":; ’
oo traberele ke gotve eferras’ diven
Riodeendo L : Sounsy
Siarne ’ .:'.F‘:"
erenevelins il
'ﬁ}m‘.. 'ﬁm 'f rrer
qrveceles lat crrebell >

Fe32









S

|
:
:

46 Subdivisions of the Brain.

reaches upwards beyond the clava, and forms one of
the lateral boundaries of the lower parts of the 4th
ventricle (fig. 31).

The next tract—the FUNICULUS OF RoLaNpo (fig.
31, fr.) is not represented in the white matter of the
spinal cord. Of a greyish colour (for there is little or
no white matter on its surface), it lies outside the
funiculus cuneatus, between it and the line of origin of
the roots of the 8th pair of nerves. Like the two tracts
previously mentioned, 1t expands above into a tubercle,
the TUBERCLE OF RoLaNDO (fig. 31. t.r.).

The remaining prominence, the largest and most con
spicuous on this surface of the medulla, is the INFERIOR
CEREBELLAR PEDUNCLE or Restiform Body (#estis, a
rope), (fig. 31, r.b.). Placed behind, and to the outer
side of the lateral column of the cord, it lies above the
clava, the cuneate tubercle, and the tubercle of Rolando,
and when looked at from the surface seems to be incor-
porated with these fasciculi, though not so in reality,
for, as we shall afterwards see, it is composed of fibres,
derived, for the most part, from the lateral column of
the spinal cord.

I1. The Lateral Area of the Medulla, continuous
with the lateral column of the cord, lies between the
roots of the hypoglossal nerve in front and those of
the 8th nerve behind. It is wider below than above,
where it is partially hidden from view by the oval emi-
nence—the Olivary Body. To determine the origin
of its various strands we must refer back to the con-
stitution of the corresponding column of the spinal
cord. You will recollect that, in that column, we traced
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will become familiar to us under the name FormaTio
RETICULARIS. Thus, then, the fibres of the lateral
column of the spinal cord, on reaching the medulla,
are disposed of in three ways (see fig. 33): 1. Some—
crossed pyramidal tract—go to the opposite anterior
pyramid ; II. others—direct lateral cerebellar tract—
to the Restiform Body, and thence to the cerebellum ;
11. others—the mixed zone—pass partly behind the
olive and join the tract of the olivary fillet, and partly
beneath the olive to the formatio reticularis.

Olivary Body — Olivary Fillet. The Olivary
Body—the oval prominence, about 1% an inch long,
placed at the upper end of the lateral area of the medulla,
is bounded in front by the roots of the gth nerve, but
is separated behind from those of the 8th nerve by a
narrow white tract—the tract of the fillet (lemniscus,
olivary fasciculus), which, as we have already seen, is
part of the mixed zone of the lateral column of the cord.

III. The Anterior Area of the medulla lies
between the anterior median fissure, and the roots of
the hypoglossal nerve, which serve to separate it
from the olivary body. Each area bears a pear-
shaped prominence—THE ANTERIOR PYRAMID (fig. 29
and 32, a.p.)—which is broader above than below,
though it becomes slightly constricted, before dis-
appearing beneath the transverse fibres of the pons.
These pyramids will afterwards be traced to the cere-
bral peduncles, and thence to the cerebral hemispheres
(fig. 32 and 33). To their constitution you will require
to give your closest attention, for it is somewhat com-
plicated.
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The inferior surface presents a depression caused
by the upper margin of the petrous part of the
temporal bone, and this may be taken as the limit
between this lobe and the occipital ; the part in front
of the groove being convex and belonging to the
temporo-sphenoidal lobe ; the part behind the groove
being concave, and belonging to the occipital lobe.
These two parts are taken together, and their con-
volutions are two in number—a SUPERIOR and
an INFERIOR OCCIPITO-TEMPORAL CONVOLUTION (fig.
49, sup. and infocc.-temp., page #%8)— separated
from each other by the COLLATERAL FISSURE (fig. 49,
coll.f.).

IV. The Central Lobe (Insula, Isle of Reil), the
first to be developed, lies deeply within the fissure of
Sylvius, and cannot be seen unless you separate the
sides of that fissure. Triangular in shape, it con-
sists of five or six convolutions, called GYRI OPERTI
(fig. 48, i.r,, page 78), which are limited externally by a
deep sulcus separating them from the adjacent convolu-
tions—the orercuLuM (fig. 48, op.), formed by the
contiguous ends of the ascending frontal, ascending
parietal, and the inferior frontal convolutions. In front
and behind, the Isle of Reil is separated by well-marked
sulci from the frontal and temporo-sphenoidal lobes
respectively (fig .48).

V. Fissures and Convolutions of the Median
Surface of the Hemispheres (fig. 49, page 78).—
Most of the convolutions of this surface are parts of
lobes already described, but it will be well to group
them together under the above heading. To examine
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GYRUS, from the hook-like process—uncus—in which
it-ends in front (fig. 49, sup.occ.temp.).

NV. B.—There is no little confusion in the naming of these con-
volutions. Thus the superior occipito-temporal is often called the
uncingle gyrus, Again, either the whole convolution, or only the
posterior part of it, viz., that near the hinder end of the corpus
callosum, is known as the Hippocampal Convolution ; while the
part beneath the calcarine fissure—or at other times the whole
gyrus—is called the Lingual lobe. The inferior occipito-temporal
convolution is often called the Fusiform lobe, though this name
also is sometimes confined to the posterior part of that gyrus.

The marciNaL convoLutioN (fig. 49), belonging
to the mesial surface of the frontal lobe, begins at the
anterior perforated spot, and running along the upper
edge of the hemisphere above the calloso-marginal
sulcus becomes continuous above with the superior
frontal convolution. Inferiorly it passes into the gyrus
rectus of the orbital surface, and posteriorly it is
limited by the vertical part of the calloso-marginal
fissure (fig. 49). The hinder part of the marginal
gyrus is called the PARACENTRAL LOBULE (fig. 49);
it is the mesial aspect of the ascending frontal con-
volution,

The INTERNAL PARIETO-OCCIPITAL FISSURE (fig. 49,
Lpar.occ.) lies behind the vertical part of the caLLoso-
MARGINAL FISSURE, the two enclosing between them
the mesial surface of the parietal lobe, called the
QUADRATE LOBE or PRECUNEUS (fig. 49).

Below the internal parieto-occipital fissure will be
seen the cALCARINE surLcus (fig. 49), which runs
forwards from the posterior border of the hemisphere
to join the INTERNAL PARIETO-OCCIPITAL SULCUS.
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usually described, but their limits and their relations
to each other are by no means defined (fig. 54,
page 84).

The 15T LAVER—the most external—is chiefly com-
posed of neuroglia with a thin stratum of white nerve
fibres on the surface beneath the pia mater.

The 2ND LAYER consists of small nerve cells mostly
pyramidal, and having numerous branched processes.

The 3rD BAYER 1s made up of large and small
pyramidal branching cells, with their pointed ends
towards the surface. They are separated by radiating
nerve fibres into more or less definite groups.

The 41H LAYER consists of small 1rregular cells with
many fine processes.

The 5TH LAVER consists chiefly of fusiform cells,
which, at the apex of the gyrus, are set at right angles
to the surface, but in the sulci are parellel to it. In
the regions of the motor areas (fig. 50, page 84),
especially in the ascending frontal convolutions, the
nerve cells are of large size, and are arranged in groups.
They are called GIANT CELLS, GANGLIONIC CELLS, cells
of Betz, and may probably be trophic in nature (1st
trophic region ).

Next the innermost layer of the cortex comes the
white medullary centre, many of the fibres of which
probably end in the axis cylinder processes of the
pyramidal cells; others form a plexus at the base of
the 2nd and 3rd layers of cells.

The REerations oOF THE CONVOLUTIONS AND
FIsSURE to the BoNEs AND SUTURES of the skull are

indicated in fig. 50, page 84.
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with the lamina cinerea, and across them pass the
peduncles of the corpus callosum. Behind the optic
commissure is a small grey elevation, (¢) the TuBER
CINEREUM (figs. 24 and 48), which is continuous
beneath (in this position of the brain) the optic com-
missure with the lamina cinerea. Projecting downwards
from the tuber cinereum is a funnelshaped process,
(%) the iNFUNDIBULUM (figs. 24 and 48), to the apex
of which is attached (in the entire brain) the posterior
of the two lobes of the (7) piTurtary Bopy. This
body was left in the Sella Turcica when removing
the brain. It is of a reddish colour, and consists of
two lobes, an anterior, which in structure resembles
the thyroid body, and a posterior, which is at first
hollow, but subsequently becomes solid.

Behind the tuber cinereum, between it and the
crura cerebri, are two small rounded white pea-shaped
nodules, (7 ) the corrorA ALBICANTIA (figs. 24 and 48),
which we shall afterwards see are closely connected
with the anterior pillars of the fornix (fig. 53, page 84).
Behind the corpora albicantia, and between the
diverging cerebral peduncles, lies (%£) the POSTERIOR
PERFORATED SPOT—Pons Tarini (fig. 24)—a grey
lamina similar to the anterior perforated spot, and,
like it, for the passage of blood vessels into the interior
of the cerebrum.

Besides the above structures there will be seen, on
the inferior aspect of the Brain, the superficial origins
of the cranial nerves (fig. 48, page 78). They are—
(@) OLFACTORY NERVES, 1st pair; (&) the opric, 2nd
pair; (¢) the 3RD NERVES; () the 4TH NERVES;
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which the brain and spinal cord were developed. T hus,
in front is the FORAMEN of MUNRO, which connects the
lateral ventricles with the 3rd ventricle and with each
other (fig. 56, page 94, and fig. 58, page 98); and
behind is the AQuEDUCT of SyLvius, or iter a tertio ad
quartum ventriculum (fig. 58).

BASAL GANGLIA.—Besides the central cavity,
which corresponds to the central canal of the spinal
cord, the interior of the cerebrum is occupied by
large ganglionic masses—the Basal Ganglia—viz., the
CORPORA STRIATA and the oPTIiC THALAMI, so that each
hemisphere forms a kind of shell enclosing and over-
lapping the Basal Ganglia. Other smaller ganglionic
masses are the CORPORA QUADRIGEMINA and the
CORPORA GENICULATA

COMMISSURES.— Finally uniting the cerebral
hemispheres and their ganglia are transverse and longi-
tudinal bands or commissures—the CORPUS CALLOSUM,
the ANTERIOR, POSTERIOR, and MIDDLE COMMISSURES,
and the FORNIX.

We shall describe (1) the vENTRICLES, their com-
munications and septa; (2) the BasaL cancLiA and
the CORPORA QUADRIGEMINA Or GENICULATA; (3) the
coMmMISSURES —the Corpus Callosum, the Fornix, and
the three Minor Commissures; but before doing so we
shall give seriatim the dissections required to expose
these several parts, so that the subsequent description
may be less disconnected and the more easily under-
stood.

DISSECTION—A. To expose the Corpus Callosum.—
Place the Brain upon its base with the convex surface uppermost,
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HIPPOCAMPI (fig. 57), and part of the CHOROID PLEXUS of the
lateral ventricles (fig. 57).

C. To expose the Fornix, the Septum Lucidum,
and the 5th Ventricle (figs. 56 and 57).—Make a transverse
incision through the centre of the corpus callosum, and turn its
ends backwards and forwards. Pass a sharp kuife along the
fore part of the under aspect, and sever the septum lucidum.
Lift up the anterior part of the corpus callosum, when you will
expose the SEPTUM LUCIDUM, and the cavity enclosed between
its two layers—the §5TH VENTRICLE. Next reflect the posterior
half of the corpus callosum, detaching it with the greatest care
from the subjacent fornix where they are blended together.
This will expose the BODY OF THE FORNIX,

D. To expose the Velum Interpositum and the
3rd Ventricle (fig. §7 and 58, page 98).—Cut transversely
through the middle of the Fornix, and turn back the cut ends;
the VELUM INTERPOSITUM, a delicate process of pia mater, will
thus be brought into view, Examine this velum, and then detach
it in front and throw it back, so that it may be again replaced
if needed. The 3RD VENTRICLE will be seen beneath it,
extending to the base of the brain between the optic thalami.
In front are the ANTERIOR COMMISSURE, the ANTERIOR
PILLARS OF THE FORNIX, and the FORAMEN OF MUNRO;
behind are the PINEAL GLAND and its PEDUNCLES; the
CORPORA QUADRIGEMINA, and the AQUEDUCT OF SYLVIUS ;
while crossing the space is the MIDDLE COMMISSURE.

I. VENTRICLES OF THE BRAIN.

The vENTRICLES of the Brain are five in number;
four, viz., the two LATERAL (1st and 2nd), the THIRD
and the FOURTH ventricles are the remnants of the
cerebrospinal embryonic canal, and are continuous
with each other and with the ventricles of the spinal
cord. The 5TH VENTRICLE, on the other hand, belongs
to a different category to the rest, and the term
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eminence—the NUCLEUS CAUDATUS .of the *corpus
striatum; (3) an oval grey mass-—the upper surface of
the opTIC THALAMUS, which is separated from the
nucleus caudatus by a shallow groove in which lies
(4) the TENIA SEMICIRCULARIS. Resting on the
optic thalamus is (5) the vascular fringe—the cHOROID
pLEXUS of the lateral ventricles; and, finally, close to
this fringe, nearer the middle, is (6) the thin sickle-
shaped free edge of the BoDY OF THE FORNIX.

iii. The inner wall of the ventricle is formed by a
thin double wvertical mesial partition —the SEPTUM
LucipuyM, which extends between the corpus callosum
and the fornix.

iv. Externally the floor and wall meet in the mass
of the hemispheres.

The Cornua of the Ventricles are, as we have
said, three in number, anterior, posterior, and lateral
(fig. 55, page 92).

(i.) The Anterior Horn is a short triangular
horn-shaped cavity, which passes forwards and out-
wards from the fore part of the body of the ventricle
round the anterior end of the nucleus caudatus into
the substance of the frontal lobe.

Its 7zoof and anterior wall are formed by the
CORPUS CALLOSUM; its floor by the substance of the
FRONTAL LOBE; while both bekind and ébelow is the
NUCLEUS CAUDATUS.

ii. The Posterior Horn is a similar recess,
passing outwards and backwards into the substance
of the occipital lobe.

Its 7oof is formed by the CORPUS CALLOSUM; its
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the lateral ventricles the process of pia mater—the
velum interpositum—in the free margin of which it

breaks up into the choroid plexus of the lateral
ventricles (see velum interpositum).

At the point where the lateral and posterior horns
diverge from each other you will see a slight eminence—
the EMINENTIA COLLATERALIS (fig. 56, page 94)—
caused by the collateral fissure on the surface.

Ependyma Ventriculorum. — The lateral
ventricles are lined by a layer of neuroglia, covered on
the surface by columnar ciliated epithelium, continuous
with the epithelium of the other ventricles.

Communications.—The two lateral ventricles
communicate with each other and with the 3rd
ventricle through the roraMEN of Muw~ro, which lies
between the anterior pillars of the fornix and the optic
thalami (fig. 53, page 84). Inferiorly, this passage is
single and mesial where it leads into the 3rd ventricle,
but above it is bifid, consisting of two limbs, right and
left, one passing to each lateral ventricle. Through
this foramen, as we shall afterwards see, the choroid
plexuses of the lateral ventricles become continuous
with those of the 3rd ventricle.

THE 3RD VENTRICLE.
(Dissection, page gz2.)

The 3rD VENTRICLE (fig. 58, page 98, and fig. 6o
and 61, page 102) is the narrow, vertical, cleft-like
space, situated in the middle line between the optic
thalami. It lies beneath the body of the fornix and
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of Sylvius. At the posterior perforated spot, and at
the tuber cinerea and lamina cinerea, this grey matter
comes to the surface at the base of the brain.,

Communications.—The 3rd ventricle communi-
cates in front, through the FORAMEN of MonRro, with
the lateral ventricles; behind, through the acqQuebpucr
OoF SvLvIus, with the 4th ventricle; and below, at the
fore part of the floor, by a conical-shaped passage with
the infundibulum—ITER AD INFUNDIBULUM.

The Aqueduct of Sylvius is the narrow passage
between the 3rd and 4th ventricles (fig. 58, page 98).
Above it is roofed over by a thin lamina—lamina
quadrigemina—so called because it supports the
corpora quadrigemina (see page 104). Its floor and
lateral walls are formed by the dorsal part of the
cerebral peduncles (see page 110, and fig. 40, page 60).
Internally it is lined by ciliated columnar epithelium,
outside which is a thick layer of grey matter con-
tinuous with that (locus caruleus) of the 4th ventricle.
From this grey matter arises the 3rd, the 4th, and part
of the sth nerves (see page 116).

The SEPTUM LUCIDUM (dissection, page 92)
is the thin, double, vertical, mesial, partition which
separates the lateral ventricles from each other (fig. 58,
page 98, and fig. 53, page 84). Triangular in shape,
it fills up the interval between the concavity of the
knee-shaped bend of the corpus callosum and the front
of the fornix. Broader in front than behind, it
gradually tapers to a point where the corpus callosum
and fornix come in contact with each other, and it
contains, between the two layers of which it is com-
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100 Subdivisions of the Brain.

CHOROID PLEXUS (fig. 57).—Projecting down-
wards along the middle line of the under aspect of the
velum are the two vascular fringes—the choroid
plexuses of the 3rd ventricle, covered everywhere,
however, by the epithelium which forms the roof
of that cavity. In each lateral margin are similar
vascular fringes—the choroid plexuses of the lateral
ventricles, which extend from the foramen of Monro
in front (through which they are continuous with the
plexuses of the 3rd ventricle), to the apex of the
descending cornu of the lateral ventricles, where the
velum becomes continuous with the rest of the pia
mater through the great transverse fissure.

These plexuses consist of tortuous ramifications of
small blood-vessels, and are covered with vascular
papille, over which is a layer of epithelium.

VEINS OF GALEN.—Along the centre of the
upper surface of the velum interpositum run two veins
side by side—the veins of Galen—which receive blood
from the interior of the ventricles, and discharge it
into the straight sinus.

THE GREAT TRANSVERSE FISSURE OF
THE CEREBRUM.

The Great Transverse Fissure (fig. 57, page
96) is the large artificial cleft made into the lateral
ventricles when the pia mater and choroid plexus, with
the epithelium covering them, are torn away from the
posterior part of the brain beneath the fornix, and from
the descending cornua. The fissure thus formed is
horse-shoe shaped; its central part corresponds to the
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tapering to a point, pass backwards outside the optic
thalamus into the roof of the descending horn of the
lateral ventricle,

The Nucleus Lenticularis—the EXTRAVENTRI-
CULAR part of the corpus striatum-—can only be seen
in sections of the hemispheres (fig. 58, page 98, and
fig. 6o, page 102). In horizontal sections it appears
as a longitudinal grey mass, shaped like a double
convex lens (lenticularis). It is placed external to the
nucleus caudatus, and is separated from it by a strand of
white nerve fibres, called the inner capsule (fig. 58,
and see page 112). In vertical transverse section it
is triangular in shape, and is intersected by two white
laminge, which divide it into three parallel strands of
a somewhat different colour (fig. 6o, page 102).

Claustrum.— External to the nucleus lenticularis
will be seen a narrow band or streak of grey matter—
the cLAUSTRUM —separated from the nucleus lenti-
cularis by a white strand of fibres, the owfer capsule
(fig. 58, page 98, and see page 112), and from the con-
tiguous grey matter of the Isle of Reil (figs. 58 and
60) by a second white strand. Thus, enumerated from
within outwards, we have (1) the nucleus caudatus,
(2) the inner capsule, (3) the nucleus lenticularis, (4) the
outer capsule, (5) the daustrum, (6) a strand of white
fibres, (7) the grey matter of the Zsle of Reil (fig. 58,
page 93).

The Optic Thalami are two large, oval, convex
prominences placed above the crura cerebri, but behind
and internal to the corpora striata from which they
are separated by the Tewnia Semicircularis. Forming
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fornix, winding down the descending horn of the
lateral ventricle (fig. 55, page 92).

STRUCTURE.—The optic thalami are chiefly com-
posed of grey matter arranged as three nuclei—anterior,
outer, and inner. The course and relations of its
white tracts are not yet understood.

“The Function of Basal Ganglia are as yet un-
decided. Anatomical appearances seem to be in
harmony with the view that these ganglia are terminal
stations of certain tracts of the cerebral peduncles,
co-ordinate with, but not subordinate to, the grey
matter of the cortex ”—(Ferrier).

Corpora geniculata.—Below and external to
the Pulvinar, are, as we have said, two pairs of oval
eminences—the CORPORA GENICULATA INTERNA AND
EXTERNA—the internal being below and mesial to the
external, and separated from them by a band of white
fibres, one of the roots of the optic tract (fig. 24, page
24, and fig. 51, page 84).

They consist of grey matter internally, and from
each proceeds a white band to join the optic tracts.
Similar tracts connect the external bodies to the nates
and the internal to the testes.

The Corpora Quadrigemina (fig. 24, page 24,
and fig. 51, page 84) are four rounded tubercules
separated from each other by two grooves, the one
longitudinal, the other transverse. They are placed in
pairs, on each side of the middle line, behind the pineal
gland and above the aqueduct of Sylvius ; the anterior
pair are called the nates, the posterior pair, the testes,
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of the Fornix. - Posteriorly the Pineal Gland is con-
nected with the posterior commissure.

In sTrUCTURE the gland is composed of follicles,
separated by connective tissue, and filled with cells,
calcareous particles (brain sand), and corpora amylacea.

III. THE COMMISSURES,

The Commissures of the Brain are longitudinal and
traverse, and are the Corpus Callosum, the Fornix,
the Anterior, Middle, and Posterior Commissures.

THE CORPUS CALLOSUM.—As you already
know, the Corpus Callosum is the white transverse band
of nerve fibres, which arches from before backwards
in the middle line between the cerebral hemispheres
and connects them together. About 4 inches long, it
forms the floor of the great longitudinal fissure and the
roof of the lateral ventricles, and reaches further
forwards than backwards. It is thicker at the ends
than in the middle of its extent, and is thickest and
widest behind.

Anteriorly it turns downwards and backwards upon
itself in the great longitudinal fissure, making a knee-
shaped bend—the GEeNU (fig. 55, page 92, and fig.
53, page 84). Becoming gradually smaller it then
forms a narrow median band—the Rosrrum (fig. 53,
page 84)—which ends below at the base of the brain
by bifurcating into two tapering processes—the PED-
uncLEs (fig. 24, page 24)—which, you will remember,
have already been traced to the anterior perforated
spot at the root of the fissure of Sylvius, and are
there lost.
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few only being longitudinal. As they pass into the
hemispheres they diverge in all directions, and prob-
ably go along with the fibres of the corona radiata to
the grey matter of the cortex.

It is worthy of note that the corpus callosum may
be absent without any ill effect.—(Holden).

The FORNIX (figs. 56 and 57, pages 94 and 96).—
Beneath the corpus callosum, and more or less blended
with it, especially behind, is a longitudinal system of
commissural fibres—the rornNix. It i1s an arched
white band which connects the hippocampi with each
other, and with the optic thalami. The fibres of
which it is composed spring as two riband-like bands—
the POSTERIOR PILLARS of the FORNIX or FIMBRIA
one on each side from the free surface of the hippo-
campus major (fig. 55, page 92, fig. 56, page 94, fig.
57, page 96), in the descending horn of the lateral
ventricles. Ascending from the concave edge of the
hippocampus the two pillars pass round the posterior
end of the optic thalamus, and converging towards
each other meet in the middle line to form a wide,
flattened, triangular-shaped band—the BoDY of the
fornix—which has its apex directed forwards and its
base backwards towards the splenium.

Superiorly the body of the fornix is in contact with
the under surface of the corpus callosum; feriorly it
lies on the delicate lamina—the velum interpositum.
In front its fibres diverge and pass downwards and
forwards from the apex of the body, as two cylindrical
processes, lying side by side—the ANTERIOR PILLARS—
which can be traced downwards, in front of the optic
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of grey matter connected with the grey matter of the
Thalami optici.

The Posterior Commissure, situated in front of,
and below the pineal gland, but above the commence-
ment of the passage into the 4th ventricle, is a rounded
band which stretches between the optic thalami. Its
fibres are said to come from the fillet (derived from
the tegmentum of the crura cerebri), and to pass
through the thalami to the hemispheres.

THE CRURA CEREBRI, OR CEREBRAL
PEDUNCLES.

The Cerebral Peduncles (fig. 32, page 44, and
fig. 48, page 78) are the two rounded masses which
spring, in front, from the upper margin of the pons,
and, diverging from each other, soon enter the base of
the cerebral hemispheres.

It front, between the peduncles, lies the anterior
perforated spot and the corpora albicantia; winding
round their outer side are the optic tract; on their
inner side is a groove, the oculomotor groove, from
which the 3rd nerve takes its superficial origin; and on
the dorsal aspect are the corpora quadrigemina, with
the lamina quadrigemina, beneath which passes the
aqueduct of Sylvius.

STRUCTURE.— A section at right angles to the crura
will show you that they each consist of two portions, a
posterior or dorsal, called the TEGMENTUM, and an
anterior or ventral, called the Pes or Basis. These
two parts of the crura are separated from each other
by a narrow stratum of grey matter, called, from its
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hence the name, and through it pass the roots of the 3rd
nerve before they emerge at the oculomotor groove.
The two pedes are quite distinct from each other,

whereas the two tegmenta are separated from each
other merely by the median raphé.

INTERNAL AND EXTERNAL CAPSULES,

In treating of the Basal Ganglia (page 101) you
will remember, we referred to two strands of white
fibres, the INNER and OUTER CAPSULES, the former
lying internal to, the later external to, the nucleus
lenticularis. These so-called capsules are of the
greatest importance clinically, for through them pass
the chief motor and sensory tracts.

The Internal Capsules (fig. 58, page 98, and
figs. 59 and 60, page 102).—Seen in horizontal section
each internal capsule appears as a semi-lunar shaped
band of white matter with its convexity directed
towards the middle line. If can be divided into two
divisions—an anferior and a posterior. The ANTERIOR
pivisioN (fig. 58, ie.) lies between the nucleus
caudatus and the nucleus lenticularis ; the POSTERIOR
pivisioN (fig. 58, i.c.) lies between the optic thalamus
and the nucleus lenticularis, and forms with the
anterior division a sharp angle, or knee-shaped
bend—the cenvu (fig. 58 and g59). Thus the inner
capsule may be said to consist of three parts—(1) A
knee-shaped bend, the genu; (2) a part in front of the
knee; (3) a part behind the knee (fig. 58). This
capsule contains all the fibres of the foot of the crus
cerebri of the same side except those that go to the
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COURSE OF THE STRANDS OF NERVE

FIBRES.
(Fig. 33, p- 48, and fig. 63, p. 114.)

Of the various strands of fibres described in the
spinal cord, the course of the PyrRAMIDAL TRACTS
(crossed and direct) is alone known with any degree
of certainty. Those tracts (crossed pyramidal, and
direct pyramidal), after passing through the Medulla
Oblongata, form the central portion of the foot of the
corresponding crus cerebri,* and then ascend through
the anterior part of the posterior division of the inner
capsule, into the corona radiata, and finally, to the
motor centres of the cerebral cortex (see fig. 63, c.p.t.
and d.p.t.).

The DIRECT LATERAL CEREBELLAR TRACT of the
spinal cord passes upwards to form part of the Resti-
form body; and, judging from the degeneration which
follows its section, is probably connected with the
SUPERIOR VERMIFORM PROCESS of its own side (Ferrier)
(fig. 33, page 48, and fig. 63, page 114, d.lc.).

The greater part of the fibres of the anterior and
lateral columns of the cord enter the formatio reticu-
laris of the Medulla and Pons (fig. 63, fr.), some of
the fibres there forming distinct strands, viz., the
posterior longitudinal bundle and the fillet, which
probably end in the region of the corpora quadri-
gemina and optic thalami.

Of the connections of the FUNICULUS GRACILIS and

* Lines -1 and 2-2 in fig. 63 indicate the position of the pes and teg-
mentum of the crura cerebri.
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the FUNICULUS cUNEATUS and their nuclei, nothing
is definitely known (fig. 63, f.g. and f.c.). Theyascend
probably through the formatio reticularis (tract of the
fillet) to the region of corpora quadrigemina, though
some are said to go to the nucleus lenticularis, and to
the posterior part of the inner capsule.

The ARCIFORM FIBRES probably connect the opposite
olives with the dentate nucleus of the cerebellum (fig.
63, page 114 a.f.).

The SUPERIOR CEREBELLAR PEDUNCLES pass up-
wards beneath the corpora quadrigemina to the red
nucleus of the tegmentum (fig. 63, r.n.), which is their
primary termination, though it may be that some of the
fibres pass on to the lenticular nucleus, and through
the optic thalamus to the corona radiata (fig. 63, s.p.)-

The transverse fibres of Pons—MIDDLE PEDUNCLE
of the CEREBELLUM —are partly commissural between
the cerebellar hemisphere, but many of them, through
the multipolar nerve cells of the Pons (Nucleus Pontis),
connect the cerebellar peduncles with the pyramidal
stands of the opposite side (Ferrier).

SUPERFICIAL AND DEEP ORIGINS OF
THE CRANIAL NERVES.

By the superficial origins of the cranial nerves is
meant the points at which they are attached to the
surface of the brain. Their deep origins are the
several deep-seated nuclei to which they can ulti-
mately be traced.

1. The Olfactory Nerves, 1st pair, spring from
the olfactory bulbs and pass through the holes in the
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cribriform plate of the ethmoid to be distributed to
the upper part of the olfactory mucous membrane.
The roots of the olfactory peduncles have already
been noticed (page 78). We may add that the outer
root can be traced to the extremity of the temporo-
sphenoidal lobe, where it blends with the anterior end
of the gyrus hippocampi. (Ferrier.).

2. The Optic Nerves, z2nd pair, are given off
from the sides of the optic commissure, and enter the
eye-ball through the optic foramen. Traced back-
wards they pass through the optic commissure round
the outer sides of the crura cerebri, as the optic tracts,
to the PULVINAR (posterior part of the optic thalamus),
to the CORPORA GENICULATA, and, through their
brachia, to the ANTERIOR pair of the CORPORA QUADRI-
GEMINA. In the optic tracts most of the fibres cross
to the opposite eye, a few go to the optic nerve of the
same side.

“The roots of the optic tracts which spring from
the corpora geniculata interna have no real connection
with vision, as they do not undergo atrophy like the
other roots when the eyes are destroyed.” (Ferrier.).

The 3rd Nerves appear at the OCULOMOTOR
GROOVE, on the inner side of the crura cerebri close
to the Pons Varolii (fig. 48, page 78, and fig. 34,
page 24). Traced backwards, they are found to pass
through the tegmentum to a column of cells, on each
side of the middle line, in the grey matter of the
FLOOR of the AQuEDUCT OF SYLVIUS (fig. 42, page 60).

The 4th Nerves will be seen on the outside of the
crura cerebri, between the cerebrum and cerebellum

1|
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(fig. 48, page 78). They are small and slender, and
after decussating in the superior medullary velum, run
in the wall of the aqueduct of Sylvius to a nucleus
below that of the 3d nerve.

The 5th Nerves spring from the sides of the
pons near its upper margin, by two roots—a large one,
canglionc, and a small one, aganglionic.

The smaller—oTOR ROOT—is the higher of the two,
and is separated from the larger root by some of the
transverse fibres of the Pons.

Followed backwards, the smaller part 1s seen to
arise from the motor nucleus lying just below the
LATERAL ANGLE of the 4TH VENTRICLE (fig. 34,
page 54). It is joined by the descending root of the
sth nerve, which comes from the grey matter at the
sides of the aqueduct of Sylvius.

The larger portion—the SENSORY RoOT—close to,
but on the outside of the motor root (fig. 34 ), receives
the ascending root, which springs from the nerve cells
of the formatio reticularis of the Pons and Medulla.

The 6th Nerves take their superficial origin near
the middle line from the groove between the anterior
pyramids of the medulla and the lower border of the
Pons (fig. 48, page 78). Their deep origin is situated
underneath the rascicuLus TERES in the fore part of
the floor of the 4th ventricle, just in front of the strize
acustice (fig. 34, page 54).

The 7th Nerve consists of two parts—(1) the
FACIAL PART (portio dura); (2) the AUDITORY PART
(portio mollis). The FaciaL parr (7th) springs from
the groove between the Pons and the restiform body,
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and behind the olive (fig. 48, page 78). Its deep
origin is the facial nucleus is the formatio reticularis
of the dorsal aspect of the Pons, near 6th and above
the sth nerve (fig. 34, page 54, and fig. 40, page 60).

The aupiTorY PORTION (8th nerve) arises from the
same groove, but behind the facial and separated from
it by the pars infermedia—a small bundle of nerve
fibres between the facial and auditory, and connected
with both. The deep origin of the vestzbular division
is in the VERMIS CEREBELLI Or in GREY MATTER of the
4th VENTRICLE, beneath the superior cerebellar ped-
uncle; the deep origins of the cocklear division is from
the TuBERCULUM AcusTicuM (Ferrier) (fig. 34, page 54).

N.B.—*““The strize acusticce which look like the direct con-

tinuation of the posterior roots of the auditory nerve have no
such relation.””—Ferrier.

The 8th Nerves consist of three parts (@) GLossO-
PHARYNGEAL (gth nerve); (£) vacus (1oth nerve);
(¢) sPINAL AcCESSORY (11th nerve). They take
their superficial origin almost in a line with, but a
little behind and below the 7th nerve (fig. 34, page 54)-
The spinal accessory has two portions—a spinal part
which arises from the side of the spinal cord, as low
as the 6th cervical nerve; and an accessory part which
takes origin from the side of the medulla below
the vagus. The GLOSSOPHARYNGEAL (fig. 34, 9),
the vacus (fig. 34, 10), and the SPINAL ACCESSORY
take their deep origins from a series of nuclei in a
line with, but below that of the 7th nerve, and In
the order from above downwards in which they are
here enumerated. These nuclei lies beneath the ALA
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CHAPTER 111

OUTLINE OF THE DEVELOPMENT

OF THE

BRAIN AND SPINAL CORD.

ONE of the earliest steps in the development of the
human embyro is the formation of what is known as
the BLASTODERM Or GERMINAL MEMBRANE. This
membrane is composed of three distinct superimposed
layers of cells, the EPiBLAST, the MESOBLAST, and the
HYPOBLAST. The first of these, the EPIBLAST, is the
one from which is developed, the central nervous
system, the brain and spinal cord, as well as, in all
probability, part of the peripheral nervous system.

On the dorsal aspect of the embryo, at a very early
date, appear two ridges, separated from each other
by an intervening furrow—the PRIMITIVE GROOVE.
Gradually increasing in size, these two ridges grow
upwards, and ultimately meet in the middle line on
dorsal aspect, and, blending together, form a cylin-
drical longitudinal tube—PRIMITIVE MEDULLARY TUBE
—with a wall of epiblastic cells. It is from this
primitive tube that the Brain and Spinal Cord are
developed; the walls giving rise to the so/id parts, the
cavity remaining as the various ventricies. |
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The Spinal Cord. 121

I. THE SPINAL CORD.

The hinder part of the the primitve medullary tube
gives rise to the spinal marrow. The lateral walls of
this part of the tube increases much in thickness, 50
that the cavity of the tube is reduced to a mere slhit.
Soon the thickened walls meet in the middle line, in
part of their extent, and subdivide the contained
cavity into two divisions, an #gper (posterior or dorsal),
and an inferior (anterior or ventral). The ventral
division becomes the CENTRATL CANAL (or ventricle) of
the spinal cord ; the dorsal division is partially oblite-
rated, but what remains of it forms the POSTERIOR
MEDIAN FISSURE of the spinal cord.

The layers of epiblast cells which form the wall of
the canal now differentiate into the several parts of the
cord. Thus the innermost layer of cells—those next
the lumen of the tube—elongate, become ciliated, and
form the lining cells of the central canal. The other
layers of epiblast develope into the GREY CRESCENTS,
and into the various WHITE STRANDS of the cord. As
we have already seen in the accotint of the spinal cord,
these white strands acquire their medullary sheaths
at different dates, thus enabling us to map out the
course they take through the spinal marrow (page 20).

The numbers 1, 2, 3, &ec, in fig. g9, page 22,
indicate the order in which these several strands are
developed.

It is noteworthy that, at first, the spinal cord fills
the entire length of the spinal canal, so that there is
no cauda equina; but that by the rapid growth of the
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canal, as compared with the contained spinal marrow,
the cord, at about the gth month, reaches only as low
as the zrd lumbar vertebra.

II. THE BRAIN.

{ The Brain is formed from the forepart of the

primitive medullary tube. This tube dilates consider-
|r ably, but at first remains single. Its walls thicken, and

after a time, the contained cavity becomes subdivided
by two constrictions into the three segments, known
as the ANTERIOR, the MIDDLE, and the POSTERIOR
CEREBRAL VESICLES (figs. 64 and 7o, plate 22, page
120). It is by the subsequent changes in these
vesicles that the Brain with its subdivision and
ventricles is formed.

(a¢) The Posterior Cerebral Vesicle.—This
vesicle gives rise to the Medulla, the Pons, and the
Cerebellum. Bending forwards at the upper end of
the primitive spinal cord, the posterior vesicle makes
a second knee-shaped bend backwards upon itself
(fig. 66, page 120). The forward bend becomes
developed into the 4TH VENTRICLE, and the contained
cavity becomes the cavity of that ventricle. The &zuee
of the bend gives rise to the Poxs, while the backward
fold becomes the cereBeLLUM of which the central
lobe is first formed, the lateral lobes being a subsequent
dewelnpment

. The Middle Cerebral Vesicle likewise bends
furv.ards from the posterior vesicle, but remains
single. In its 700f are formed the CORPORA QUADRI-
GEMINA, in its ffoor, the CRURA CEREBRI, while the

e |
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original CENTRAL CANAL, much narrowed by the
growth of these parts, remains as the AQUEDUCT OF
SyLvius—iter a tertio ad quartum ventriculum (figs.
67 aud 69, page 120).

iii. The Anterior Cerebral Vesicle may be
subdivided into two portions, an anterior and a -
posterior. The entire vesicle bends forwards on the
middle vesicle, which now forms the most prominent
part of the head. From each side of its posterior
segement is developed the opTic VESICLES, which
ultimately become the optic nerves and the retina.
In its posterior and oufer wall are developed the two
OPTIC THALAMI, separated from each other by a
median cleft—the 3RD VENTRICLE— part of the -
original cavity. Anteriorly the floor of the ventricle
is prolonged downwards as a funnel-shaped tube—the
INFUNDIBULUM —connected with the PITUITARY BODY
(fig. 66, page 120). Behind, on the other hand, the
cavity communicates with the 4th ventricle through
a narrow channel, the continuation backwards of the
original cavity—AQUEDUCT OF SyLvius. The posterior
part of the roof rapidly becomes thinner and is reduced
to a mere lamina connected afterwards with the pia
mater and choroid plexus of the 3rd ventricle.

The jore part of the anterior cerebral vesicle
bulges forward as a median mass, at first single, but
which soon becomes divided by a longitudinal cleft
into two lateral segments.

These laferal segments become the CEREBRAL
HEMISPHERES, and the median deft forms the GREAT
LONGITUDINAL FISSURE. The cavity within these
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lateral enlargements remains as LATERAL VENTRICLES,
which are connected with each other by a constantly
narrowing neck, the FORAMEN oF MonRro (see fig. 72,
page 120). In the foor of the ventricles appears a
grey mass—the COrRPUS STRIATUM —streaked with white

matter giving it the striated appearance from which it
takes 1ts name.

The 7oof and walls of the cavity form, at first, an
evenly expanded mass of grey matter, which, however,
soon becomes convoluted and furrowed, giving rise to
the FISSURES, LOBES, and GYRI of the cerebral hemi-
spheres. Increasing rapidly in size these hemispheres
grow backwards, and, finally, completely overlap and
hide the other subdivisions of the Brain, On the
inner aspect of the cerebral walls a longitudnal white
band grows inwards towards the middle line, and there
meets its fellow of the opposite side to form the
central part or Bopy of the FrorRNIX, which is
continuous in front with the ANTERIOR PILLARS,
behind with the diverging POSTERIOR PILLARS.
Above the fornix, separated from it by a groove,
appears a transverse band of white nerve fibres,
which joins a similar band on the opposite wall.
They together form the COrRPUS CALLOSUM, the great
commissure uniting the cerebral hemispheres. This
commissural band is in contact with the upper sur-
face of the fornix posteriorly, but anteriorly it arches
downwards in the median fissure, some distance in
front of the fornix, thus leaving between them a
triangular interval, bounded on each side by a layer of
grey matter derived from the hemispheres. These
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Afterbrain, 124

Ala cinerea (cinereus, ash-colour-
ed), 71

eminentia, 71, 73

Amygdalee (amygdala, an al-
mond) of cerebellum, 63

Apex cornu posterioris, 14

Aqueduct (aqueductus) of Syl-
vius,

Arachnoid (apdynv, a spider or
spider’s web) membrane of
spinal cord, 7 ; of brain, 32

Structure of, 3, 32

Arbor vitae (from resemblance
to the shrub so-called) of
cerebellum, 67

Arcuate fibres, or arciform fibres
of medulla, 47, 50, 55

Arteries—

auditory, internal, 39

basilar, 39

carotid, internal, 37

cerebral, anterior, 37
middle, 38
posterior, 39

cerebellar, 39

circle of Willis, 40

choroidal, anterior, 38

communicating, posterior, 38

meningeal, 37

vertebral, 38

special characters of the cere-

bral circulation, 40

Basis pedunculi, T11

Betz, cells of, 86

Blastoderm (BAactds, a germ;
déppa, skin), 120

Brachia of corporaquadrigemina,
10

Brair?. See Cerebrum and Ence-

phalon, 26

arteries of, 37
development of, 120
membranes of, 26, 28
subdivisions of, 41

Brain sand, 106

Calamus scriptorius (a writing
pen), 69
Canal, central, of spinal cord, 15
Capsule, external, 112
internal, 112
Cauda equina (a horse’s tail), 3, 12
Cells of Deiters, 16
of Purkinje, 68
Centrum ovale minus, majus, 91
Cerebellum (dim. of cerebrum,
the brain), 61
Cerebellum, grey matter of, 67
development of, 122
fissures of, 61
folia of, 62
hemispheres of, 61
lobes of, 62
minute structure of, 67
peduncles of, 64
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Cerebellum—

position of, 61

vallecula of, 62

vermiform process of;, 61
Cerebral vesicles, 122
Cerebro-spinal fluid, 9, 33
Cerebrum (the brain), 74

base of, 87

convolutions of, 74

commissures of, 106

crura of, 110

development of, 120

fissures and furrows of, 75

hemispheres of, 75

ganglia of, 1o1

structure of, 101

hemispheres of, 74

interior of, 89

layers of cells in cortex, 85

lobes of, 77

peduncles or crura of, 110

rel;.éiuns of, to cranial sutures,

ventricles of, 92

white matter of, 114
Choroid plexuses, 100

of fourth ventricle, 72

of lateral ventricle, 94

of third ventricle, gb
Clarke’s column, 18
Claustrum (which shuts off), 102
Clava (a club), 45
Column or Columns,

ganglionic or vesicular, 71

of, anterior cornu, 17

Clarke’s, 18

of intermedio-lateral tract, 15,

18
white anterior, 21
lateral, 22
posterior, 22

posterior median, 18
Commissure (union) cerebral,

great (corpus callosum), 106

Brain and Spinal Cord.

Commissure—
anterior, 109
middle or soft, 109
posterior, 109
of spinal cord, 15, 23
Conus medullaris, 3, 4, 10
Convolutions {con., together;
volvo, Iroll) of cerebrum, 77
angular, 8o
of corpus callosum, 83
dentate, 83
frontal, 77
of island of Reil, 82
marginal, 84
occipital, 8o
occipito-temporal, 82
orbital, 78
parietal, 79
supramarginal, 8o
temporo-sphenoidal, 81
uncinate (hippocampal), 83
Cornu Ammonis (from its resem-
blance to horns of Zeus-
Ammon),  Hippocampus
major, 95
Cornua of lateral ventricles, 94
of spinal cord, 14
Corona radiata, 113
Corporaalbicantia (whitebodies),

formation of, 109
Corpora geniculata (genu, a
knee!, 104
Corpora quadrigemina (four), 104
Corpora striata, 101
minute structure of, 102
Corpus callosum (callosus, thick
or hard), 106
development of, 124
peduncles of, 106
Corpus dentatum cerebelli, 67
of olivary body, 48, 54
Corpus restiforme (restis, rope),

45
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Crura ad cerebrum, 64
ad meduilam, 65
ad pontem, 65
cerebri, 110
of fornix, 108
Crusta pedunculi, 111

Decussation (decusso, I cut cross-
wise) of pyramids, 48
Deiters, cells of, 16
Development of
brain, 122
spinal cord, 121
Dissections to expose
interior of brain, go
spinal cord, 2
pia mater, §
membranes of brain, 26
to remove brain, 27
Dorsal ridges, 120
Dura mater
of spinal cord, 3
of the brain, 28
structure of, 4, 30

Eminentia, collateralis, g6
Encephalon (év, in ; kegpalsj, the
head), 26
arteries of, 37
development of, 120
See Cerebrum, Cerebellum,
Medulla, and Pons
Enlargements
cervical, 10
lumbar, 10
Epencephalon (éwf, in; éyképa-
Mov, the brain), 125
Ependyma (évduua, clothing) of
ventricles of brain, 72, g6

Faciculus teres, 73

Fascia dentata, g5

Flax cerebelli, 30
cerebri, 29

131

Fibres, arcuate or arciform, 55
Fillet, 114
Filum terminale, 3, 6
Fimbria (a fringe) 95, 108
Fissures of cerebellum, 61
cerebrum, 75
callosal, 83
calloso-marginal, 83
calcarine, 84
collateral, 82
dentate, 83
hippocampal, 85
intra parietal, 79
longitudinal, great, 41, 74
parallel, 81
parieto-occipital, 76
relation of, tocranial sutures, 86
Rolando, 76
Sylvius, 75
transverse, great, 100
triradiate, 78
See also Sulci of Brain
medulla oblongata, 43
spinal cord, 10
Flexures, cranial, of embryo, 120
Focculus (dim of floccus, a flock
of wool), 63
Folia of cerebellum, 63
Foramen caecum of medulla ob-
longata, 44
of Majendie, 72 2
of Monro, 9o, 92, 96, 124
Fore-brain, 125
Formatio reticularis, 53
Fornix (an arch or vault), 108
Fossa rhomboidalis (4th ven-
tricle), 68
Fovea (a pit), inferior of 4th ven-
tricle, 70
superior of 4th ventricle, 71
Funiculus, cuneate (wedge-
shaped cord), 45
gracilis, 45, 71
of Rolando, 45, 46
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Funiculus—
teres, 75
Furrowed band, 64, 66

Ganglia, basal, 101
Ganglionic columns of spinal
cord, 17
Geniculate body, inner, 104
outer, 104
Genu élgnea} of corpus callosum,
I
Giant cells (Betz), 86
Glandulae Pacchionii, 31
Granular layer of cerebellum, 68
Gyri (yupds, a ring) of brain
See Convolution, 77
Gyrus, angular, 8o
fornicatus (arched convolution,
83
See convolutions.

Hippocampus (after the fish of
that name)
major, 95
minor, 95

Infundibulum (funnel), 88
Island of Reil, 82

Lamina cinerea (grey layer), 87
quadrigemina, 105
Lateral recess of 4th ventricle, 69
Ligamentum denticulatum, §
Ligula, 71
Linea splendens, §
Lingula, 66
Lobes of cerebellum, 62
cerebrum, 77
central (Reil), 82
frontal, 77
occipital, 8o
olfactory, 78
parietal, 79
temporo-sphenoidal, 81

Brain and Spinal Cord.

Lobules of cerebrum
cuneate, 85
lingual, 84
parietal, 74
quadrate, 84

Locus cceruleus, 71
perforatus anticus, 87
perforatus posticus, 88

Medulla oblongata, 42
anterior area of, 48
anterior columns of, 48
development of, 122
external characters of, 42
fissures of, 43
grey matter of, 51
internal structure of, 51
lateral area of, 46
posterior area of, 44
pyramids of, 48
raphé of, 55
Medulla spinalis, 9
Medullary velum, 66
inferior, 66
superior, 66
Membranes of
brain, 26
spinal cord, 2
Meninges (pireyt, a membrane),
2, 20
Mesencephalon (uéoos, middle;
éyrépator, the brain), 125
Metencephalon, 125
Midbrain, 125

Nerves—
Cranial,
origins of, deep, 115
superficial, 115
Spinal,

origins of, deep, 24
superficial, 12
Nerve cells of
cerebellum, 68

e §
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Sinuses—
petrosal, inferior, 36
superior, 36
straight, 35
transverse, 36
Space, perforated, anterior, 87
posterior, 87
Subarachnoid, 3, 8§, 32
Subdural, 3, 8, 32
Spinal cord, descriptive anatomy
of, 9
arteries of, 12
central canal of, 15
ligament of, 6
columns or tracts of, 17
antero-external, 21
antero-internal, 21
antero - lateral, ascending
(sensory zone), 22
basis bundle, 21
direct lateral cerebellar, 22
Goll’s, 22
limiting layer, 22
mixed zones, 22
postero-external, 22
postero-internal, 22
pyramidal, crossed, 20
direct, 21
commissures of
grey, 11, 15§
white, 11, 23
cornua of, 14
development of, 121
enlargements of, 10
external from of, 9
filum terminale, 6
fissures of, 10
grey matter of, 13
ligamentum denticulatum, §
membranes of, 2
neuroglia of, 16
origin of nerves from
deep, 24
superficial, 12

Brain and Spinal Cord.

Spinal cord—
tracts of. See columns.
white matter of, 19
Splenium (omwAyriov, a pad) of
corpus callosum, 107
Spot, perforated, 87
Striae acusticae, 43
longitudinal, lateral, and mesial
of corpus callosum, 107
Structure (minute) of
Arachnoid of brain, 32
of spinal cord, 8
Dura Mater of brain, 30
of spinal cord, 4
Grey matter of brain, 85
of cerebellum, 67
of spinal cord, 16
Nerve cells, 18
Pia Mater of brain, 32
of spinal cord, 7
White matter, spinal cord, 23
Subarachnoid fluid, g
space, 3, 8, 32, 72
trabeculae, 7, 8, 33
Subdural space, 3, 8§, 32
Substantia gelatinosa, 14
nigra, I11
Sulel (furrows) of the cerebral
hemispheres, 75
calloso-marginal, 83
callosal, 83
calcarine, 84
interlobular, 75
intralobular, 76
intraparietal, 79
of island of Reil, 82
olfactory, 78
parieto-occipital, 80
praecentral, 77
temporo-sphenoidal, 81
triradiate, 78
See also Fissures.
Sulcus, lateral (crus cerebri), 111
oculomotorii, I11
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